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Abstract Model of MSG 1

Summary~
This report describes the first phase of an ex periment

designed to demonstrate techniques for software development
and evolution. The experiment involves the  production of a
family of functionally similar systems on dissimilar host
computers with markedly different operatin g systems. The
basic technique being used is machine assisted stepwise

- 

- refinement from an abstract model program that embodies the
desired characteristic of the fam~ 1y members without
overconstrainin~ the individual implementatio ns.

The example system being developed in this experiment
is MSG , the interprocess communication component of the
National Software Works (NSW) . MSG has already been
specified and implemented by conventional means for several
host compu ters. Our experiment consists of: production of
an abstract model of the MSG fam ily, real ization of MSG on
two actual hosts , to stud y the incremental costs of
producin g new instances by our techniques from a suitable
model , and evolution of the MSG family in accord with actual
changes to the MSG specification as they arise , to evaluate
the efficiencies of m ain t -~iini ng families in unison .

The first phase of the project , creation of a
preliminary MSG model , is complete. This report is a guide
to readers of the model. Section 1 gives an introductio n to
the experime nt and to MSG . Section 2 is an overview of’ the
model , discussing its internal structure and external
interfaces. Communication between MSG and the local
processes it serves is described , as are the sequencing ari d
bufferin g algorithm s by which interprocess messages are
delivere d. The method used to encapsulate the detailed
representations of network protocol items is presented , an
the schemes for cleaning up MSG ’s data base when
t r a n s a c t i o n s  t i m e  out  or a re  r e s c i n d ed  a re  a lso d i s c u s s e d .
Finally, secti on 3 of the report provides a guide to the
l a n g u ag e  in w h i c h  the  model  is w r i t t e n .

The text of the model appears in the appendix.

1w
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1. Introduction

An experimen t in program development and evolution is

under way at Harvard’ s Center for Research in Com puting

Technology . Its pur pose is to test techniques inten ded to

reduce the cost and enhance the reliability of software

maintenance.

The ex periment involves the implementation of’ a system

of moderate size and complex ity that has been designed for

the Defense Depar tment and has been imp lemente d for several

- 
host computers by conventional means. The example system is

thus actually a fam i~ y of programs shar ing a common

specification but having a number of markedly different

impl ementations.

Such families occur quite frequently. Operating

systems that must provide similar environment s on different

physical configurations , communications processors that must

observe a common protocol while running on a variety of host

machines , and compilers of the same programm ing language f o r

different target computers can all be regarded as comprising

families.

Our experiment deals particularly with the creaticn and

mainten ance of such program families , althoug h the

techniques we employ are effective in developin g

single— instance systems as well. Our aim is to show that by

concentrating from the outset on the development of’ a fam i ly

__ _ _ _ _ _ _ __ _ _
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of programs , designers can dramatically reduce the costs of’

producing a new member of the family and of maintaining the

family in unison .

1.1 The Example System: MSG

The specific program we are experimenting with , called

MSG , is the interprocess communications handler for the

National Software Works (NS~4). The NS.4 is a distributed

operating system now being developed for the ARPA network.

It prov ides users of the ARPANET with a uniform means of

accessing the tools and data bases of’ the network without

having to know where they reside or how to deal with the

idiosyncracies of individual tool—bea ring hosts.

An instance of MSG runs on each host participating in

the NSW . In effect , it extends the local host operating

system . It is responsible for starting and managing the

processes which implement various NSW functions , suc h as the

Works Manager , which assigns tasks to tool bearin g hosts ,

the File Package , which implements a distributed filing

system , the Front End , which provides users with a un iform

interface to the NSW , and the Foremen , which supervise the

various tools.

MSG routes messages between NSW processes , and , when

necessary, establishes iireot network connections between

them . Messages may be either generical~1 
or spec i f ically

addressed . A generically addressed message causes MSG to 
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seek or c r ea t e  a process of a p a r t i c u l a r  c lass  ( e . g . ,  Works

Manager ) . S p e c i f i c a l l y  addressed messages are  routed by MSG

to a p rec i se ly  d e s i g n a t e d  d e s t in a t i o n  process.  They are

n o r m a l l y  used a f t e r  c o m m u n i c a t i o n  has been e s tab l i shed  u s i n ç~
a generically addressed message.

MSG provides facilities for ordering messages and

s y n c h r o n i z i n g  message  s t ream s w i t h  respect  to u n u s u a l  even t s

or exceptions. Normally, MSG does not guarantee that

messages will be delivered in the order submitted . The

sending process , however , may specify that a subset of its
- 

messages to a given destination must be delivered in the

sequence sent , and that such sequenced messages must not be

sent if earlier members of the sequence were not deliverable

for some reason .

To permit interprocess signalling of exceç ~ional

events , MSG provides for high priority transmission of short

communications , called alar~is. Alarm s are handled

independently of any message traffic between the sending ari d

receiving processes. They can be used to facilitate

resynchronizatio n of a message interchange.

To aid synchronization of messages with alarms , MSG

permits certain messages to be stream—marked. A

stream—marked message will be delivered after any prior

messages to the same destinatio n and before all those sent
a .

subsequently. 

—~~~~~-—~~~~ - -~~~ ~~~~~—--
~~~~~~ -- -- —— — . — -  —~~-— -~ —— --
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Instances of MSG on different hosts communicate using a 1~
protocol that provides for the establishment and termination

of MSG—to—MSG network connections and for all three types of

communication supported by MSG: messages , alarms , and

direct connections between processes. The message protocol

includes items that facilitate flow control so that the

burden of buffering messages can be distributed between

sender and receiver when traffic is heavy.

Further details on the functions performed by MSG and

on the MSG—to-MSG protocol can be found in the MSG Design
- 

Specification (Spec). A familiarity with the specification

will be assumed in section 2 of this report.

1.2 Method of Development and Evolution -

Our hypothesis is that program maintenance can be made

less costly and more dependable if’ system designers view

their task as the design of a program family whose membe rs

are derived from a common ancestor , or root , which we call

the abstract model for the family. Use of the term

“abstract” is not intended to imply that the model is a

formal mathematical object. Rather , it is a program written

with sufficient generality that members of’ the family can be

obtained by specialization of it .

Concrete program instances are derived by a sequence of

refin ements from the abstra ct model. Each refin-2n ent

encapsulates related design decisions that distin guish a 

— -- ~~~~~~~~~~~ ~----- - —.~~~--- -- —- - - --~ - -~~ --‘---~ —.-~--—-- - -—----- ‘--—-~~~~~ ... --.- --~~ - —-—-—-
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class of concre te  i n s t an c e s .  A r e f i n e m e n t  m a y  g i v e

d e f i n i t i o n  to a p rocedure , a da t a  s t r u c t u r e , or a con t ro l

pa t te rn  left unbound at the abstract level , or it may modif y

or augmen t  such constructs. The program family thus forms a

tree , with the abstract model at the root , the concrete

instances at the leaves , particular refinements labeling

branches , and interior nodes that represent classes of

instances sharing a common set of refinement choices.

We have developed , and are constantly improving, tools

that aid developers by maintaining the family tree in a data

base and by mechanizin g the task of’ app lying refinement

sequences. Using these tools , a new member of an existing

family is less expensive to produce than one developed

separately because the basic model and most of the

refinements that yield the new version will be shared with

existing instances. Moreover , mod ifications to broad

subfamilies can be effected in unison , by applying altered

refinements that reflect revised design decisions and simply

reapplyin g those not affected .

Our techniques are not restricted to programs like MSG

that must exist in many functionall y similar but internall y

disparate versions at the same time. The history of every

evolving program is a series of closely related versions ,

which themselves comprise a family. The clear isolation of

the individual design decision s leading to a particula r

instance presents the maintainer with a picture of its 

- -  -- -- ~~~~~- ~~~~
-—

~~
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structure that enables him to understand the ramifications

of a particular modification better than can a single— level

representation of a system .

This approach is particularly beneficial if the

software engineer charged with modifyin g or expanding a

family system has not been involved in its prior

development. Instead of confronting a finished product

together with some documentation about what it does , he has

access to information about how it was constructed , why

particular decisions were taken , and what the effects of

changing them would be. He has tools that permit him to

take the program apart and reconstruct it easily, to

generate a new version or to revert quickly to an old one .

In short , with these techniques , the roles of initial

developer and maintainer tend to merge. The maintainer can

afford to leave the system in as clean and well—structure d a

state as its originators , even after several stages of

evolution. By contrast , systems developed by conventional

methods often reach an overmaintained state after a few

successive versions have been produced . After this point ,

the quality of new versions deteriorates instead of’

improving [Bela d y).

Another aspect of software construction that fits

naturally in to the fam ily mainte nan ce frcmework is the use

of l i b r a r y  p r o c e d u r e s  and  d a t a  a b st r a c t i o n s .  An im p l em e n t e r

often needs to take a general algorithm or data definition ,

_ _ _
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with known properties of correctness and performance , and

specialize it to a particular task , with particular physical

data representations. Sometimes many distinct realizations

of the same abstract notion will be used in a single system .

The specialized versions of such librar y modules also

const i tute a fam ily whose mem bers can be prod uce d and

maintained using the tools we are developing.

1.3 Reasons for Choosing MSG

The MSG paradigm is a good basis for our experime nt

because it is a family of communicating programs and because

interesting maintenance requirements , drawn from experience

with the NSW , can be antici pated in the near future.

Instances of MSG should appear to function identically

in spite of’ highly disparate host systems . Since they must

communic ate ef fec t ively,  t he behav ior of each must be

closely couple d to that of the others. When one MSG

instance is altered in an externally observable way, all

should be altered in unison .

The MSG—to—MSG protocol is relatively simple , but the

operating environment is imperfect. ~fosts may die , or pause

indefinitely ; processes may also die , or they may change

their minds; interhost connections ma y drop. These

possibilities introduce complexities in interhost MSG

comm unica tion which are virtually impossible to capture in a

nonpro cedural English , item—by— item protocol specification.
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Such a s p e c i f i c a t i o n , indeed , is aimed at m i n i m i z i n g  the

descr ip t ion  of e x t e r n a l  behav io r  in order  to g ive  max imum

f l e x i b i l i ty  to i tnp lem enters  and m a i n t a i n e r s  of in d i v i d u a l

ins tances .  Un f o r t u n a t e ly ,  the  use of imprecise ’  i n t e r f a c e

spec i f i ca t ions  when i n t e r f a c e s  are p o t e n t i a l l y  c c m p l e x  can

lead to inefficient , defensiv e strategies , or worse , to

inconsistent interpretations by different implementers.

Our v iew is that each instance of MSG should be

constructed as if it were to communicate with an exact

replica of itself. The abstract model of MSG thus provides

a precise description of’ the behavior of any instance in a ny

c i r c u m s t a n c e , an d this knowledge can be used in realizing

any concre te  v e r s i o n .  There is no harm in t h i s  m u t u a l

knowled ge because the f a m i l y  member s  are m a i n t a i n e d  - in

unison . Use fu l  f l e x i b i l i ty ,  t h a t  needed to accotn odate

d i f f e r e n c e s  in host f a c i l i t i e s  and resources , r e su l t s  from

the abstractness of the model.

1. L~ Phase One: The Prelim inary Abstract Model

During the first phase of the project., we have

constructed an abstract model of MSG. In later phases , we

will refine the model to two concrete instances on

dissimilar target machines , the DEC PDP—1O and PDP— 11 ,

running the TENEX arid UNIX operating systems , respectively.

-. rn~~~ - - ~~~~~~~~~~~ -- -- ~~~-- - -—~~~~~~~~~-—- - - ~~~~~~~~~~~~~~
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The r e m a i n i n g  sect ions of t h i s  repor t  are in tended  as a

guide  to readers of the model , wh ich  appears in the

appendix .  Section 2 provides  an o v e r v i e w  of’ the model

itself’.  It assumes some f a m i l i a r i t y  w i th  the MSG Design

Speci f ica t ion . Section 3 descr ibes  the m o d e l l i n g  l anguage

and h ig h l i g h t s  some of the f ea tures  we use to aid both the

r e a d a b i l i t y  and r e f inab i l i t. y of’ abs t rac t  a lgor i thms .

_ _ _ _ __ _ _ _ _ _  -—- ~~~~~~~~~~~~~ -- — - ----~~~ --- - - -
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2. Guide  to the MSG Model

2.1 An Over v iew

1ISO instances on each of the participating hosts link

the NSW together by carrying out communication between the

processes tha t  comprise  i t , as de picted in figure 1. The

double shafted arrows in this picture represent channels for

- 
- in te rprocess  communica t ion . Those l i n k i n g  processes on

different hosts will be implemented using network

connections. Those between processes on the same host will

be real ized using whatever interprocess communication (IPC)
- 

facility is most suitable on that host. Some hosts , such as

CCN (360/9 1), offer an IPC facili ty that closely resembles

the channel abstraction we have used in modellin g MSG. On

others , such as TENEX , direct communication v ia shared

memory may be best. We neither assume nor prohibit

hierarchical relationships between MSG and the processes it

serves.  On some hosts , i t  may  be u se fu l  to o r g a n i z e

processes h i e r a r c h i c a l l y  in o rde r  to ach i eve  the  most

effective IPC .

In our model , each MSG instance is structured as a

collection of 2aths serving specialized functions and

sharing a common data base. Paths , like processes , are

concurrently executable control unit s. We distinguish

“path” from “process ” to emphasize that paths Internal to

MSG may or may not be implemented using the process

management facilities of the host operatin g system . For 
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each t r a n s a c t i o n  that  MSG processes , t h a t  is , for  each

message and a la rm sent or received and for each d i r ec t

connect ion es tab l i shed , the  d a t a  base holds a record

describing the state of the transaction.

The modules that comprise the MSG model are: LOCAL ,

which defines the interface between MSG and local processes ,

REMOTE , which contains the network interface , QUEUE , which

includes routing algorithms and data base management

routines , CANCEL , which expunges transactions that , for one

reason or another , canno t  be com ple te d , and DR I VE R , which is

responsible for initialization of’ MSG and of’ local

processes. Another module , GLOBAL , collects the data

definitions for the model. Finally, PROCESS is a small

module that contains the routines that must be embedded in

processes for use in initiating MSG pr imitive operations.

Within MSG there is a server pair for each user

process. A server pair is a pair of paths whose separate

functions correspond roughly, thoug h not exactly, to input

and output. In the case of a process server , the two halves

correspond to the two phases of many MSG pr imitive

operations. The first is the call phase , in which MSG

accepts and validates arguments. If’ the call is acceptable ,

the process is allowed to continue execution while MSG

proceeds with its request. When the transaction is

complete , the second , or d el iv e r y  phase of the pr imitive

operation occurs , in wnich the disposition of the 
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t r a n s a c t i o n  is t r a n s m i t t e d  to the process , along w i t h  any

incoming i n f o rm a t i o n , such as message t e x t , an a l a r m  code ,

or a ne twork  connec t i on  de s igna to r .  P r i m i t i v e  opera t ions

that  occur in two s tages t h i s  way  are  said to create  p e n d i n g

events for la ter completion.

The model does not f ix  the number  of user processes

assigned to a g iven  server  p a i r .  There may be one pa i r  per

process , one per gener ic  class , one for all processes , or

some other configuration if convenient. If there are

multiple server pairs , each is identical in operation to the

n e x t .  They share  the procedures  g iven  in modu le  LOCAL.

Symmetrical with the set of user process servers  is

another set of server pairs called network servers. A

network server implements the inter—MSG protocol by

• formatt ing and transmitting protocol ite~ns f r om t he local

MSG to instances of MSG on other hosts , and receiving items

from other hosts and translatin g them into internal M3G

records. In a given realization of MSG , each network pair

may handle a single remote host or several of them . Like

the local process servers , each network server is identical

wit h the next. All share the algorithm s given in module

REMOTE of the model.

The paths labelled ICR and Auth in figure 1 are also

defined in the modul e RE~4OTE. They take part in the

establishment of connections with remate hosts. ICR (which

stands for Initial Connection Protocol ) is activated when 

~~— - -—--— ~~~~~— -~~--
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another  host i n i t i a t e s  a c o n n e c t i o n  w i t h  the  local  M SG .

Auth  is used in a u t h e n t i c a t i ng  the i d e n t i ty  of the  local  MSG

when it has initiated a connection with an MSG instance on

another  host .

Timer is MSG ’ s c l o c k — w a t c h i n g  p a t h .  For most  of ’ the

states that a transaction can be in , it is desirable that a

l imi t  be en fo rced  on the  amount  of t i m e  a l lowed to e lapse

without some progress being made. Time limits are specified

when a user process issues a pr imitive call , and they are

also set in certain states by MSG in order to implement its

flow control policies. The Timer path , defined in the

module CANCEL , manages a queue of transactions sorted in

order of their expiration times. It uses a real time clock

interrupt to generate timeout signals , and it res pon d s to

them by aborting expired transactions and expungin g their

records from the system. The intent is that , given a long

enough q u ie s c e n t  per iod  with no incomin g or outgoing

transmissions , MSG will tend to return to its initial state.

(There are exce ptions to this rule , however. Direc t

connections to other hosts , for instance , do not expire

whether  or not  t hey  a re  u s e d . )

The remainin g internal path shown in figure 1 , called

Driver , is the f i r s t  to be e x e c u t e d  when an M SG i n s t a n c e  is

execu ted . It performs initialization tasks , including the

creation of local processes and ser-~er paths. In some

~~ realizations of MSO , the Driver may be a superior of the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~-~~~~~ -~~~~~—-~~~~~~~
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paths com prising MSG , and indeed may act as a scheduler for

them . These de t a i l s  are  omit ted  from the abs t r ac t  DRI VER

module , however , s ince they  depend c r i t i c a l l y  on the n a t u r e

of the u n d e r l y i n g  host ’ s f a c i l i t i e s .

The s i n g l e — s h a f t e d  a r rows  in f igu r e  1 denote  d i r ec t

communication among internal MSG processes via a shared data

base c o n t a i n i n g  records  for each t r a n s a c t i o n  known to the

system at any momen t .  The routines that manage this data

base are con t a ined  in the MSG modules  ca l led  Q UEUE and

CANCEL. The data base mana ger is not a separate path.

Rather , the r o u t i n e s  in Q U E U E  and CANCEL are  ca l led  by the

internal paths of MSG to access and alter the data base in

response to p a r t i c u l a r  s t i m u l i  such  as the  a r r i v a l  of a

protocol item on the network , the execution of a user

pr imitive , or the expiration of a time limit for some

transaction. QUEUE is so named because its primary task is

to enqu eue  i tems for o u t p u t  over the  ne t work  or for  d e l i v e ry

to local processes.  CANCEL c o n t a i n s  r o u t i n e s  to d i s c a r d

incomplete transactions when they must be aborted .

The data base is composed mainl y of transaction records

defined by the data types MessBlock , AlarmBlock , and

ConnBlock , one for each of the three modes of communication

suppor ted  by M SG. These tj pe s  a re  d e f i n e d  in the  m o d u l e

GLOBAL. To emphasize the fact that these records are shared

among mul tiple path s and are accessible via several routes

at once in the  d 3 t a  base , th e mo d e l  u s u a l ly  m a n i p u l a t e s  
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“h a n d l e s ” on records .  The d a t a  type  Me ssHand l e , for

ins t ance , has the abs t r ac t  b e h a v i o r  of’ a pointer  to a

MessBlock ( t hou gh  it need not be r e a l i z ed  as a pointer in

concrete versions of MSG). Collections of message records

are expressed  as sets or queues  of ’ MessHand les .  
-

The anchor points from which most records in the data

base are accessed are the da ta  s t r u c t u r e s  Pr ocessTab le ,

ServerTable , HostS , T ransac t ionTab le , Gener i c Tab l e , and

Timer Q. ProcessTable maps process names (and , in

particular , the process instance identifiers within process

• 

- 

names) to ProcessHandles. Every local process mana ged by

MSG has a ProcessHandle in ProcessTable. The data

accessible th rou gh  a Pro cc ssH an dle  ( see modu le  GLOBAL for

all global data types) give the state of MSG’s interaction

with  the process , i n c l u d i n g  the  pending primitives waiting

to be completed , i ncoming  messages ari d a l a r m s  w a i t i n g  for

delivery, and direct network connections to other processes.

ServerTable contains a record for each of the process

server and network server pairs internal to MSG. This is ,

in genera l , a dynam ically varying collection , since there

might be a server pair for each active user process and

remote host connection. An importa nt component of the

record for each server is i t s  d e l i v e r y  queue , whi c h is

filled with transaction records produced by other paths and

empt i ed  by t he  server  as the  i t em s  a re  a t t e n d e d  to .  The

d e l i v e r y  queu e  of a local process s e rve r  ho lds  the  p e n d i n g

_ _  ~~~~~~—~~~ - -~~-— --- ~~~~~~—~~ - - —-•— - - --—---- - _
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events  r e a d y  to be completed . That of a ne twork  se rver

con ta ins  protocol i tems a w a i t i n g  t r a n s m i s s i o n .

HostS i n c l u d e s  an e n t ry  for each remote host with which

MSG has established contact. Among other fields , the remote

host entry holds the incarnation number of the MSG instance

r u n n i n g  on the  remote  host , a nd a set of Ch a n n e l H a n d l e s  t ha t

descr ibe  the connec t ions  c ur r e n t l y  open to tha t  host for use

by MSG.

Since some t r a n s a c t i o ns  h a n d l e d  by MSG i n v o l v e  the

exchange of several protocol items , it is convenient to have

each MSG instance assign a unique identifier to the

t r a n s a c t i o n s  i t  is i n v o l v e d  in .  Tr a n s a c t i o n T a b l e  is used in

the a s s ig n m e n t  of these i d e n t i f i e r s , w h i c h  a re  de s igned  to

repeat  v e r y  i n f r e q u e n t ly .  It also g i v e s  q u i c k  access to the

da t a  base rec rd for  any  t r a n s a c t i on , g i v e n  i t s  transaction

i d e n t i f i e r  as a k e y .

Gener i cTab le  has an e n t r y  for  each generic process

class , such as Works Manager or File Package. It contains

records needed to start a new process of a given class , and

it i n d i c a t e s  w h i c h  N SW hos t s  s up p o r t  each g e n e r i c  c l a s s , so

that an outgoing generically aidresse d messa ge can be

routed . GenericTable also contains holdin g places for

incoming generic messages when it is not possible to assign

them immediately to specific processes of the prop er class.

- --— - - - - - - - ~~~~~~~~~~~-- — -•-—-—- ---m 
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Tim er Q is the queue of transactions being timed by

Timer , sorted in order  of ex p i r a t i o n  t ime .

Of’ course , wi th  m u l t i p l e  p a r a l l e l  pa th s  access ing  and

a l t e r ing  shared records , i t  is n e c e s s a r y  to employ a record

lock ing  m e c h a n i s m  to g u a r a n t e e  o r d e r l y  se q u e n t i a l  access .

This mechanism is invoked in the model through the

pr i m i t i v e s  Seize , TestSeize , and Re lease .  Seize block s  the

calling process until exclusive access can be granted to the

caller . Release unlocks a previousl y seized resource.

TestSe ize attempts to seize a resource , but does not block

if i t  is unsucces s fu l . Ins tead , it returns a Boolean value

indicating success or failure.

Although these primitives are used in the MSG model , so

tha t  it can be checked  for  er . ors such as deadlock , the

implementations of Seize , TestSeize , and Release are

deliberately left unspecified . In some purely sequential

realizations , there will be no need for locks and these

p r i m i t i v e s  can be r e f i n e d  a w a y .

Storage m a n a g e m e n t  of records presents a similar

situation. The routine Allocate is used to enter new

records  in the  d a t a  base , a rid Free is used to i n d i c a t e  t h a t

one r e f e r e n c e  to a record has  been d e l e t e d . Howe ver , the

record may only be reclaimed when all suc h references have

been eliminated . If Free cannot safely reclaim stora~e , it

simply performs a Release. The detaile d mechanis m s for

e n s u r i n g  t h at  s to rage  can be r e c l a im e d  s a f e ly  a re  d e f e r r e d

IL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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to a lower level  of r e f i n e m e n t .

2.2 The I n t e r f a c e  Between MSG and Local Processes

The modules  PROCESS and LOCAL model  the i n t e r f a c e

between MSG and the local  processes i t  serves .  PROCESS

contains routines to be loaded with user processes and

cal led  by them to i n i t i a t e  MSG pr i m i t i v e s .  These r o u t i n e s

are quite simple ; they merely transmit arguments to MSG arid

guide results into place. LOCAL contains the procedures and

tables used by each pair of server paths which implement the

pr i m i t i v e  o p e r a t i o n s .

2 .2 .1  Comm u n i c a t i o n  Between MSG and Local  Processes

In the abstract MSG model , processes communicate with

MSG by way of signals and channels. The particular

mechanisms used were chosen to make the model as simple as

possible within the constraint that they must be realizable

in a variety of host syste-ns.

A signal is a dataless communication between two

processes used to herald events and achieve synchronization.

In MSG , signal identifiers of type SignalTyp e are used to

distinguish among the several signals with different

meanin gs that may be in use between two processes. The

expression SIGNAL (<signal identifier )) sends the designated

signal. WAIT (<signal set>) blocks the calling process

u n t i l  a member  of the  d e s i g n a t e d  set of s i g n a l s  is r e c e i v e d .

—~~ -— ~~~~~~~ -— -~~~—- —_-—-~~~~~~~~~~~ --
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It returns the identifier of that signal as its result.

A channel is opened between two processes when each

calls CHOPE N with the same channel identifier and compatible

channel descriptors. SEND (<data list> , <channel> ) is used

to send a group of data over a channel. SEND always blocks

the calling process until the data have been received .

RECEIVE(<variab le list> , <channel> , <block flag> ) fills the

elements of a list of variables by reading from a channel.

RECEIVE ’s third argument is a Boolean which , when TRUE ,

causes the calling process to block until the whole variabl e

list has been read . If this argument is FALSE , the caller

may proceed while the data are being read . Presumably, in

the latter case , the caller has another way of knowing when

the transmission is complete. For example , the sender may

use a signal to alert the receiver.

( A channel may be closed from either side using the

CHCLOSE operator , but it will be closed only after data in

the channel have been received .

CHOPEN , CHCLOSE , SEND , arid RECEIVE are specified in

module GLOBAL.

PROCESS and LOCAL use a few notational extensions for

dealing with channels. The expression <Xl , . . . ,  Xk> : >  CH

is equivalent to SEND(<X 1 , . . . ,  Xk), CU), which sends the

successive values Xl though Xk over channel CU. Similarly,

<Vi , . . . ,  Vk > <k  CU stands for a non—blocking RECEIVE call:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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RE CEIVE(<V l , . . .,  Vk> , CH , FALSE )

while <V l , . . . ,  Vk> < k  CU stands for a blocking RECEIVE :

RECEIVE (<V l , . . . ,  Vk> , CM , TRUE ).

Als o , <Fl , . . .,  Fn> (M) is equivalent to <M .F1 , . . . ,  M.Fn>.

2.2.2 Primitive Routines Within User Processes

Mo d ule PROCESS co n t a i n s  a r o u t i n e  d e f i n i t ion for each

pr imitive defined in the KSG specification. Each consists

of’ a ca l l  on one genera l  r o u t i n e , PCa11. PCall has four

arguments: Op identifies the particular primitive being

invoke d; SendList is the list of data that must be sent to

MSG to all o~: it to execute the operation ; ReceiveList is a

list of variable s to be filled by the time the primi tive

completes; and CreatesPendingEv ent is bound to TRUE for

those pr im i t iv es t hat occur in two s tages , i.e., t h a t  crea te

pending events. In addition , PCal l  sets the v a r i a b l e

Pen d i n g E v e n t lD , wh ich is an out put pa r a m e t e r  of ev e r y

- - pending event creating pr imitive routine.

As an exam ple , the  bod y of t he Re ce iveS pec i f icMe ssa ge

pr im i t i v e  is:

PCall ( “R~~ e iv eSpec i f i c M e s s a~ e” ,
<Sianal , Timer> ,
<Text , Sour~ ePr ocess , Handling, Disposition> ,
T R U E )

Here Signal represents the signal identifier chosen by the

ca l l i n g process  for M SG ’s use in signalling completion of’

the Re ce iv e .  By conven t ion , ~ special va1 u~ of Sign-3lType

can be used If the caller wishes the primitive to block 

~~----~~~~~— - --— — - ——. - —-“~— - -- -- -- -~~~
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u n t i l  comple t ion  ins tead  of r e t u r n i n g  w h i l e  the  t r a n s a c t i o n

proceeds.  Timer is the m a x i m u m  d e l a y  the c a l l i n g  process

wi l l  a l low before  s a t i s f a c t i o n  of the Rece i ve  r eques t .

Text , SourcePro cess , H a n d l i n g , and D i s p o s i t i o n  are  the

o u t p u t  v a r i a b l e s  in to  which  the r e s u l t s  of the  Rece ive  are

to be placed . Text will hold trie actual message;

SourceProcess will be the name of the sending process ,

Handling will indicate wh a t spec ia l  h a n d l ing t he messa ge may

have , and Disposition is a code that indicates whether the

operation succeeded or failed , arid if it failed , then why.

Every process has a channel , cal led  M SGC hanne l ,

- 

I permanently open to MSG. It is used for those prim itives

t ha t  do no t cre ate p en d in g even t s  an d for t he ca l l  phase of

those that do. PCa11 uses MSGChannel to send the identifier

Op an d the SendList parameters to MSG , an d then waits for

— its reply on the same channel. MSG answers with a

-

~ -
~ disposition code. If this cod e indicates some error , PCa l l

term inates the primitive by returning the error code. If

MSG ’s re ply is normal , an d the  pr imi tive  does not  c r e a t e  a

pen di ng event , then the rest of the data for the ReceiveList

come over MSGChannel , and the pr imitive returns an

indication of normal completion.

For pending event primit ive s that get past initial

validation , MSG sen ds back an identifier which will be

uniquely associated ith the current transactio n . PCa11

assigns th is identifier to Pen-JingE ventiD. It can be u53d

-• -— -~~~- - -— —--- — -
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by the c a l l i ng  process to rescind a p e n d i n g  event  before  it

has completed .

PendingEventlD is also used to open a new channel to be

used e x c l u s iv e l y  for the cornp let ~ on of the c u r r e n t

pr i m i t i v e .  Then PCa 11 issues a R E C E I V E  for the ReceiveList.

Depending on whether  the ca l le r  hds asked to block until

comple t ion  or to be al lowed to run , PC~ ll w i l l  bl ock or

r e t u r n  i m m e d i a t e ly .  In the l a t t e r  case , MSG uses the given

signal  to a le r t  the user process that the primitive has

completed .

2 .2 . 3  The Local Process Servers

The other side of this interface is encoded in the

server  pa i r  ass igned  to the user  process.  The m a i n

procedures  for the  pa i r  of pa ths  c om p r i s i n g  the  se rve r  are

Use rCa i lSe rv er  and U s e r D e l i v e r y S e r v e r . These in t u r n  select

procedures for handling the individual MSG prim itives. All

of these  p rocedures  are c o n t a i n e d  in  m o d u l e  LOCAL.

The h a n d l i n g  of a S en d S p e c i f i c M e s s a g e  is t y p i c a l  of how

the server  p a i r  dea l s  w ith  p e n d i n g  e v e n t  pr i m i t i v e s .

UserCaliServer monitors the permanent channels to th~

processes it is responsi ble for . When it receives an

operation code over one of these channels , it dispatches to

the ap propriate handler , as given by Oplable. The handler

i s g i v e n  t h e  OpCode ( s i n c e  th e  sam e h a n d l e r  m a y  i m p l e m e n t

more than  one pr i m i t i v e ) , the c h a n n e l  to the local  process ,

Li ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J
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and a Proce ssHand le  for the process.  In the  case of a

SendSpecif icMessage , U se r C a l l S e r v e r  c a l l s  S t a rt SeniM essage .

Star tSendMessage rece ives  the p a r a m e t e r s  sent  by the

user process and v a l i d a t e s  them . If it f i n d s  an e r ror  it

aborts  the pr i m i t i v e  r i g h t  a w a y ,  s e n d i ng  an e r ro r  code to

the process . Otherwise , it in d i c a t e s  t hat the cal l  phase

wil l  complete n o r m a l l y  by s e n d i n g  the  code “ In c o m p l e t e ” . It

ass igns  a t r a n s a c t i o n  i d e nt i f i e r  and sends it to the user

process , and it uses this identifier to open a new channel

for completion of the event. Finally, a t r a n s a c t i o n  recor d

is created for the message and is passed to EnQOutputMess ,

one of the routines exported by QUEUE .

Eventually, the transaction will be placed in the

delivery queue of the server and will be found there by the

UserDeliveryServer. This path uses the orig inal operation

code to dispatch to a handler for the delive ry phase. In

the case of Sen d Spec i f i cMe ssag e , the delivery handler is

EndSeridMessage. En-d SendMessage finds the -~h an n e l  opened for

this transaction and sends the disposition code (the only

output value in this case) to the process. It then uses the

signal supplied by the process to signal completion of the

even t , an d it frees th~ transaction record for the message.
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2.3 Message Routing and Data Base M a n a g e m e n t

As mentioned in the overview , the modules QUEUE and

CANCEL c o n t a i n  r o u t i n e s  t ha t  respond to events which drive

MSG: execu t ion  of pr imi tives , rece ip t  of protocol i tems ,

timeout of events , and so on. In particular , QUEUE embodies

most of MSG ’s routing and buffering algorithms : finding a

specific destination for generically addresse d messages ,

dec id ing  whe the r  to b u f f e r  or rejec t  messages that cannot be

delivered imme diately, sequenc ing t he t ransm ission of

“special han dling ” messages , and the like . This section

summarize s QUEUE ’s algorit hms for each class of

communication supporte d by MSG . The next section discusses

the CANCEL module.

2.3.1 Message Handlin g

2.3.1.1 Outgoing Messages
L

Figure 2 is a state transition diagram for an outgoing

message. The initial state is labelled “No MESS pending ” .

Arcs represent ing transitions have labels of the form

Stimulus/Response. Here “stimulus ” describes the event

g i v i n g  r i se  to the transition , and “response ” describes

MSG ’s ac t ion  ( i f  a n y )  upon e n t e r i n g  the  new s t - a t e .

“Sen dMess/zeni MESS” (transition 2), for  e x a m p l e , denotes

the e x e c u t i o n  of a SendG cne r i cM e ssa ~~e or S~e n d S p e o i f i c M e s s a g e

pr imitive by a local process. MSG ’s response is to transm it

a MESS protocol  I te m to the d e s t i n a t i o n  and p l ace  the

~ 

_ _ _ _ _ _ _

~~~~~~~~~~~

rn - * -

~~ 

_ _



- ---~~~~~~ -~~~~_~~~~~~~~~~~~~~~~~~~~ ,~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~— — ~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~-- = - -  -- 
~~~~~~~~~“ ~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~

Abstrac t Model of MSG 25A

~fIS ?AG~E IS 
BEST QUAlITY p &CflCAB~~

~~~ ~~~ F1JI~~ISHZD TO D~.Q .... ~~~~~~

/—Th 1
No MESS

pending

2

4 3

Awaiting 5 Awaiting
MESS—OK XMIT

-

~~~~~ 

- 6

1: MESS-OK/ --
M E S S - R E J /  —-
M E S S — H O L D / s e n d  M E S S — C A N C E L

2: S e n dM e s s l sen i  MESS
3: M E S S— R E J / a b o r t  SeniMess

B u f f e r  n e e d e d  or T i m e o u t / s e n d  M E S S — C A N C E L ,
abort SendMess

14: MESS— OK/complete SendMess
M E S S — R E J / a b o r t  Sen d M e s s
ME SS— ~- 13LD/s end M E S S — C A N C E L ,

a b o r t  Sen dM es s
T im e o u t / a b o r t  Se ndM e s s

5: M E S S - H O L D / s e n d  H OLD- -JK
6: X M I T / r e t r a n ~ -n it  MESS

F igure  2. S ta te  T r a n s i t i o n s  fo r  Out ~ o in ,~ M e s s a g e s



4

Abs t r ac t  Model of MSG 26

t r a n s a c t i o n  in the  s t a te  “A w a i t i n g  MESS -OK” . At the  sam e

time , a MessHand le  r ep re sen t ing  the t r a n s a c t i o n  is placed in

the Ou t putMe ss Q associated wi th  the  the sending process.

The response to a MESS i t em can be acceptance  ( MESS — O K ) ,

o u t r ig h t  r e j e c t i o n  ( M E S S — R E J ) ,  or a request  to hold the

message u n t i l  the r e c e i v i n g  MSG can ask for retransmission

(MESS—HOLD). If the source MSG decides to accept the

reques t  to hold , it  s ig n i f i e s  by s end ing  H OLD — OK and p laces

the t r a n s a c t i o n  in the s ta te  “ Awai t i n g  XM I T” (transition 5).

Receipt of an XMIT protocol item will stimulate

- r e t r ansmis s ion  of the MESS ( t r a n s i t i o n  6) , or the

t r a n s a c t i o n  m a y  d ie  throu g h rece ip t  of a r e j ec t ion  or

th rou gh  old age ( t r a n s i t i o n  3 ) .

The s e l f - loop  from the “N o MESS p e n d i n g ” s ta te

( t r a n s i t i o n  1) , which  responds  to a MESS—HOL D for  a

non—existent transaction by sending MESS—CANCEL , is the

r e su l t  of the  m o d e l ’ s h a n d l i n g  of t i m e o u t s .  If the

t r a n s a c t i o n s ’ s t i m e  l i m i t  e xp i r e s  w h i l e  it  is in the

“A w a i t i n g  M ESS—OK ” s t a t e  ( t r a n s i t i o n  4 )  , no M E S S — C A N C E L  is

sent to indicate that the message has been aborted . Thus ,

if the  remote  MSG l a t e r  shows an i n t e r e s t  in c o n t i n u i n g  the

transa ction , it is necessary to cancel it explicitly.

The rou tines in QUEUE that implement transitions shown

in f igu r e 2 are  En Q ’D utpu t M ess , R ecor dMES S\ O~( ,

Recor dMESS\REJ , RecordMESS\HOLD , RecordXMIT.

- ~~~~~ -——-- --S -- ~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ 5-- -~~ - - S  -~ S - - -— --- - 
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2.3.1.2 Incoming Messages

Figure 3 shows what happens at the receiving end of a

s i m i l a r  t r a n s a c t i o n .  Here the i n i t i a l  s ta te  is labe l le d

“Awa iting MESS ” . In thi s s t a t e , e i ther  the re  is no

transaction pending at all , or a ReceiveMess pr imitive has

preceded the a r r i v a l  of a m a t c h i n g  MESS i t e m .  In the l a t t e r

ca se , a Me s sHa n d l e  for the t r a n s a c t i o n  is queued in the

ReceiveMessQ of the receivin g process.

Wh en a MESS i tem a r r i v e s , i t  may  be accepted  o u tr i g h t

(transitions 3 and 4), or rejected outright (transition 4),

or the r e c e i v i n g  MSG m a y  ask the  sender  to b u f f e r  the

message (transitions 1 or 2). Transition 3 is taken when no

matchin g ReceiveGenericMessage or ReceiveSpecifi eMessage

pr imitive has been issued by a local process. Transition 1

occurs when the sending MSG has offered in advance to buffer

the message , if necessary, and the receiving MSG has

accepted the invitation .

When there is some delay in deli ver in~ t he message , its

MessHandle waits in the InputMessQ of either the appropriate

generic class (if the message is generic) or the destination

process ( i f  it is s p e c i f i c)  u n t i l  i t  c a n  be d i s p o s e d  o f .  In

the “Awaiting RoceiveMess ” state , either a Receive primiti ve

is execu ted  and the  m essa ge  is d e l iv e r e d , or the  t i m e  l i m i t

place d on the transaction expires and the MessHinile is

d e le ted  ( t r a n s i t i o n  14 ) .

- - _ _ _ _ _
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In the  “ Aw a i t i n g  HOLD—O K ” s ta te , a proper  s t i m u l u s  is

e i the r  MESS—CANCEL or HOLD—OK. MESS-CANCEL terminates the

t r a n s a c t i o n  ( t r a n s i t i o n  7) and causes  i ts  record to be

dele ted . HOLD — OK ma y cause MSG e i t her to sen d an XMIT

( t r a n s i t i o n  9) , i f  b u f f e r  space for the  message has become

availa ble , or simpl y to put the transaction in the “Held by

sen der ” sta te (transition 8) .

T r a n s a c t i o n s  get  out of the “Held by sender ” sta te

either because the sender can no longer afford to hold a

message and sends MESS—CANCEL (transition 6), or because

- su f f ic ient buffer space becomes available to enable MSG to

request retransmission of the message by sending XMIT

(transition 5). The state “Awaiting retransmission ” is

almost equivalent to the initial state “Awaiting MESS” since

the same responses are possible for a retransmitted message

as for an initial message (though a request to re—hold is

- 

- unlikely ). One point of difference is that the initial

state has transitions for HOLD—OK and MESS—CA NCEL

(transition 4). Like the initial state self—loo p in figure

2 , these r e s u l t  from the decision not to flatly terminate a

transact ion which has timed out. 
- In this case , i f a t imeout

occurs in the state “Awa iting HOLD—OK” (transition 7), M SO

de le tes  the  t r a n s a c t i o n  w i t h o u t  s e n d i n g  M E S S — R E J .  If ,

l a t e r , a HOLD — O K arrives for that transaction , MSG res pon d s

by inviting retransmission (XMIT). If a MESS—CANCEL comes

in for a d i s c a r d e d  t r a n s a c t i o n , it is just ignored .
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The r o u t i n e s  tha t  implement  the  t r an s i t i o n s  of f i g u r e  3

are En Qln putMess , EnQReceiveMess , RecordHOLD\OK , and

RecordMESS\CANCEL .

2.3.1.3 Generically Addressed Messages

An aspect of MSG ’s message handling procedures not

displayed in figures 2 and 3 is its treatment of generic

messages. On output , a generic message with a specific

J d e s t i n a t i o n  host is t rea ted  j u s t  l i ke  a sp e c i f i c a l l y

addressed message. If no host is specified , however , MSG
- 

must choose one from a list of hosts supporting the chosen

generic category, e.g., Works Manager. If the  mess ag e  is

not accepted by the first host , MSG tries the others in the

list until either the message is accepted or the list is

exhausted . To implement this search , MSG (in En QOutputMess)

marks such a message as having been hostless , an d then

assigns it the first host suitable for its generic class.

The h a n d l e r  of message r e j ec t ions  ( R e j e c t O u t p u t M e s s , a

s u b r o u t i n e  of R e c o r d M E S S\ R E J )  r e c o g n i z e s  a t r a n s a c t i o n  t h a t

has been marked as hostless , and chooses the next host in

the list. If the list is exhauste d , the  pen d ing

Sen dG ener i cMe ssage is abor ted .

When a g e n e r i c  message is r e c e i v e d , MSG f i r s t  looks for

a destination process of the right category that has issuei

a ReceiveGener icMessa~ e. If none is av ailable , it w i l l  t r y

to star t a new process of the generic category and deliier

~
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the message to the new process. If the quota for such

processes has been reached , and the option of holding the

message has not been ruled out by the sender , MSG w i l l  queue

the message in the InputMessQ for the generic category un til

a process issues a match ing Receive or until a new one can

be c rea ted .

2.3.1.4 Message Flow Control

To hel p determine when to request that a message b-c

held by its sender and when to prompt its retransmission ,

MSG maintains two counts for each potential destinat ion

process and for each generic category. The first ,

FreeBufferSize , gives the amount of text ~uffer space

a l lo ted  to the  process tha t  is not  a l rea d y in use b y

messages to or from that process. The second ,

CommittedBufferSpace , is the total text length of the

messages currently being retransmitted by their senders.

The value of FreeBufferSize less Comm ittedBufferSpace is

calle d Virtua lFreeSpace. Virtu alFreeSpace is used to decide

when to stimulate retransmission by sending XMIT. When its

value rises above a threshold , either through the freeing of’

some buffer space or the timeout of an expected

retransmission , MSG looks in the appropriate InputMe ssQ for

a held message to call in. Of course , t he commi tm en t of

buffer space is not absolute. Unanticipated messages may

arrive an d be accepted before the one retransm itted , f orc i ng

i ts  f u r t h e r  d e l a y .  It seems likely however , t h a t  t he sim ple
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algorit hm chosen will perform well in most cases .  If not ,

the model leaves ample latitud e for changing it.

2.3.1.5 Sequencing of Messages Marked For Special Handling

As mentioned in the introduction , t he MSG spe c i f i c a t i o n

defines two classes of messages , ca l l e d sequence d an d

stream—mar ked messages , for which special rules govern

delivery order. All sequenced messages from a given source

to a g i v e n  dest in at ion mus t  be d el ive re d in the  or d er

su bm i t t e d , an d failure of one such message inhibits any
- 

f u r t h e r  sequenced message  f low b e tween t he processes un til

the source process executes a Resynch pr imitive.

Stream—marke d messages must be delivered after completion of

any pr ior output messages to the same destination and before

delivery of any subsequent messages. Failure of’ a

stream—marked message inhibits all further message t r a f f i c

f rom the source to the d e s t i n a t i o n  u n t i l  a Resync r i  is i ssued

by the sender .

Messa g e  s equenc ing  is e f f e c t e d  e n t i r e l y by the sending

MSG (see EnQHostSpecificMess ), w h i c h  c hec ks b efo r e

transm itting any message whether there is an existi ri~

incom plete message to the same destination that blocks

transmission of the current message under the rules. (This

is the  r ea son  O u t p u t M e s s Q  is a qu eue  and not  a s e t .)  The

t r a n s~ ction is placed in the special state “Aw a iting prior

MESS complet ion ” .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~-- - - S S - - --~~~~ -- ~~~~~~~~~~~~ -— ---— - - -5
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Later , when a prior message transact ion completes

s u c c e ssf u l l y ,  the s u b r o u t i n e  A c c ep t O u t p u t M e s s  scans the

out put queue for l a t e r  messages t h a t  are  unblo cked  by t he

com plet ion , and it sends these messages. When a prio r

message i s abor te d , a similar scan occurs (in subroutine

RejectOutputMess); however , in t hi s case it ma y be n e c e s s a r y

to abort some of the blocked message transaction s because a

sequenced or stream marked message has failed . If so , a set

of “inhibited destinations ” (InhibitedDestS) is updated for

the source process , to e n s u r e  t h a t  f u r t h e r  messa ges (or

possibly just sequenced messages) to the same destination

are i n h i b i t e d  pend ing  a Resynch. -

2.3.1.6 Strictly Local Transactions

When the destination of a message is a process on the

same host as the source process , the networ k interface is of

course not used. However , th e queue m a n a gem ent  r o u t i n e s

behave  in most  res pec ts as thou gh  the  message  were bein g

transm itted between distinct hosts. A separate transaction

record is created for the “incoming ” message (tho ug h n o t

n e c e s s a r i l y  a separate copy of its text) when it is passed

from the out put handlers to the input handlers. It may even

hap pen that the message will be “He ld by sender ” , if th~

buffers alloted to the destination process are too full to

perm it accepting it. Locally held messages are given

priority over others , however , since the response to a l cal

“X MIT” request is instantaneous.

-
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2.3.3 Handling of Al arms

Alarm handling in MSG is just like message handling,

but without several of’ the compl ications. Generic

ad dressing and sequencing are not issues. Text buffering is

no problem since alarms have only a fixed length , v e r y  shor t

alarm code. The MSG—to—MSG protocol for alarms does not

permit requests analogous to MESS—HOLD , so the sta te

diagrams for input and output alarms are trivial. Handling
- 

- of local (intraMS ~ ) al a rm t r a n s m i s s i o n s  is ide n t i c a l  to t h a t

for messages. The only special feature of alarm
- 

transactions is that a process may choose to reject all

incoming alarms by setting . its lAccept flag to FALSE (using

the AcceptA larrns pr imitive) . MSG simply checks this flag

before accepting an alarm , an d rejects the alarm when the

fl ag is o f f .

The model uses the name “Rece iveAlar m ” instead of’

“En ableAlarm ” (used in the MSG specification ) , to em ph a s i z e

the analogy with ReceiveMess. The routines in QUEUE t h a t

d eal w i t h  a l a r m s  are  E r i Q Ou tpu tA l a r ’n , E n Q l n p u t A l a rm ,

R e c o r d A L A R M \ O K , a nd R e c o r d A L A R M \ R E J .

2.3.4 Handling of Direct Connecti ons

The establishment of direct c o n n c c t i o n s  b e t w e e n  MSG

user processes differs in several respects from th3

t r a n s m i s s i o n  of messages or alarms. The roles of sender and
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receiver  do not  ex i s t .  Instead , both processes agree to

open the connec t ion  by e x e c u t i n g  m a t c h i n g  OpenConn

pr imitives , and they close it (in the normal case) by

issuing similar CloseConn primitives. A connection

transaction , unlike a message or alarm , does not end with

the completion of the primitive that initiated it , since a

record must be maintained for use in closing the connection .

— Special provision is also necessary for signalling a local

process that a connection has been broken other than by a

normal closing sequence. MSG ’s handling of direct

connections is diagrammed in figure 4.

The events that give rise to transitions are the

- 
execut ion of OpenConri and CloseConn prim itives by the local

process and the receipt of C O N N — O P E N , C O N N — C L O S E , and

CONN—REJ protocol items from a remote MSG. MSG instances

exchange COHN-OPEN items before opening a connection between

-

- the two processes requesting it. They exchange COHN—CLOSE

items either when requested to close a connection or when a

connection cannot be opened because of a mismatch in

parameters. CON~I—REJ is used to reject either a CONN—OPEN

or a COHN—CLOSE that is invalid.

In the initial state of figure L$ , labelle d “No

connect ion ” , the receipt of a COHN—OPEN item (transition 2)

crea tes  a transaction record and leaves it in state

“Awa iting OpenConn ” , t h a t  is , awa iting local execution of an

L 

OpenConn primitive for a matching connection. When the
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local open is issued , the c o n n e c t i o n  types , d i r e c t i o n s , and

by te  sizes suppl ied  by the  two sides are  compared . If they

match , the t r a n s a c t i o n  is placed in the “Connection open ”

state ( t r a n s i t i o n  10), the ne twork  connec t ion  is opened (b y

the process d e l i v e ry  s e r v e r) , and the open pr imitive is

completed normally. If the connection specifications do not

match , then a CONN— REJ is sent  to the remote  MSG , an d the

OpenConn is aborted (transition 11).

Other poss ibi l i t i e s  w h i l e  “Await ing OpenConn ” are tha t

the remote MSG may wish to close the connection before it is

open by sending COHN—CLOSE , or that the local transaction

may time out. In the former case , MSG res pon d s w ith an

answering CONN—CLOSE ; in the latter , it sends COUN—REJ as a

reply to the original CONN—OPEN. In ei ther case , the

transaction is delete d from the data base (transition 11 ).

( If the local open precedes the remote open , t he state

of the transact ion reaches “Connec tion open ” v ia transitions

1 an d LI and the intermediate state “Aw aiting C O H N — O P E N ” . In

this case , however , if connection parameters do not match , a

f u l l — f l e d g e d  c o n n e c t i o n  close sequence  is used , s ince a f u l l

open sequence will have been completed by the time t h e

m ismatch is discovered . The local MSG sends a CONN— CLOSE

item (transition 5) to terminate the transaction , an d places

the transaction in the state “Mismatch — a w a i t i n g

CONN—CLOSE” to wait for an answering CON’1—CLOSE.

Li j
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— 
- If , while MSG is “Awaiting COHN—OPEN” , a CONN— REJ is

rece ived  ins tead , or if the  t r a n s a c t i o n  t imes out  w a i t i n g

for a r ep l y ,  the  local OpenCo nn is aborted an d the

t ransac t ion  expunged  ( t r a n s i t i o n  7 ) .

Once the  connect ion is open , an exchange of COHN—CLOSE

items will lead to i ts  o r d e r ly  closing. The path from

“Connection open ” to “No connection ” leads either through

“Awaiting CloseConn ” or “Awaiting COHN—CLOSE” (transitions S

or 9)  , depending on the order of events. If the t r a n s a c t i o n

t imes out while a local close is awaited , a special

“connection broken ” signal will be sent to the user process ,

if - such a signal has been specified in opening th~

connection .

The t r ans i t i on  d i a gr a m  is complicated by the fact that

it is possible for a user process to execute an OpenConn

F primitive and then a CloseConn before the OpenConn has

completed. There are two states in which an OpenConn can be

pending , “Awaiting CONN—OPEN” and “Mismatc h — awaiting

COHN—CLOSE” . In both cases , the pending open is aborted

immediately when the CloseConn is issued. From “Mismatch —

awaitin g CONN—CLOSE” , the successor state in this case

(transition 114) is “Awaiting CONN—CLOSE” , t he u s u a l

intermediate state when a CloseConn is pending. The

COHN—CLOSE i t em  from the local to the remote MSG will

already have been sent when the mismatch was discovered .

From “A w a i t i ng C O H N — O P E N ”  a Clo seConn takes the transaction

- ~~~~~--~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~ - -~~~~~~~~~~ 
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in to  the special  s ta te  labelled  “ A w a i t i n g  C O H N — O P E N  or

COHN — CLOSE ” ( t r a n s i t i o n  13) .  A COHN—CLOSE is sent  by the

local M SG , but it may or ma y  not  reach  the remote M SG in

t ime to prevent a CONN—OPEN in reply to the original

C O N N — O P E N  s en t .  The special  s t a t e  is included to receive

and ignore that reply, if it comes (transition 12).

The routines in QUEUE that im plement handlin g of direct

connect ions  are  En QOut .putO p en Conn , En Q Outpu tC l os e Co nn ,

EnQlnputOpenConn , En Q lnpu tCloseCo nn , and RecordCONN\REJ.

2.-LI Cancellation of Incom plete Transactions

The CANCEL module contains the routines that dispose of

t r a n s a c t i o n s  t h a t  canno t  be s u c c e s s f u l ly  completed . This

may happen because 1) the user Rescinds the transaction , 2)

the user process terminates and a StopMe is performed , 3) a

protocol item is w;aiting to be o u t p u t  and  the  host  to w h i c h

the item is addressed dies , or 4) the  t r a n s a c t i o n  i s t i m e d

and the timer expires . When a transaction is cancelled two

basic types  of a c t i o n  are  necessa ry  —— the  t r a n s a c t i o n  mu s t

be f i n a l l y  d i sposed  of l o c a l l y ,  and th e  rem ote  M SG mus t  a lso

cancel its version of the transaction. The precise form of

the ac t ion  depends  on the t r a n s a c t i o n ’ s s t a t e .

Local cleanup of a transact ion generally consists of -

removing it from its own ing process ’s transaction lists (the

o w n i n g  process Is the one for  wh ich  the  t r a n s a c t i o n  was

_ 
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created an d whose lists contain it) and , i f  it is a pend in g

even t , delivering it to that process. For exam ple ,

cancelling a transaction in the “Awa iting COHN—OPEN” s t a t e

involves removing it from its owning process ’s connec t ion

set and comple ting the OpenConn pending event that initiated

it. Local message transactions are treated specially. They

are exce ptional in that both source and destination

transactions are availa ble , and are  t h u s  bot h c a n c e l l e d

locally at the sam e time.

Remote cancella tion is generally accomplished by

- sending a protocol item to the remote MSG . For example ,

send ing  a M E S S — C A N C E L  i t em c a n c e l s  a t r a n s a c t i o n  in t h e

“Awaiting XMIT” state. It may be that a prior protocol item

relate d to the transaction being cancelled is waiting to be

sent , in whi ch case the item can simply be changed to

reflec t cancellation. For example , a t r a n s a c t ion  may be in

the  “Aw a i t i n g  XMIT ” s t a t e  w i t h  a HOLD—O K item waiting to be

sent -— changing the item to MESS—CANCEL cancels the

transaction. It is also the case that cancellation can  be

effec ted by not sending a protocol item . Such an item ,

initiating an MSG—MSG negotiation and waitin g to be sent- ,

can be r e m o v e d  an-i the t r a n s a c t i o n  n i p p e d  in the  bud . For

e x a m p l e , a t r a n s a c ti on may be in the  “Awa iting CONN— OPE N”

s ta te  w i t h  a C O H N — O P E N  i t em  w a i t i n g  to be sent  — —  r e n o v i n g  -

the COHN— OPEN item cancels the t r a n s a c t i o n  b e f or e  t h e  r e m o t e

MSG h as heard anythin g . A transaction rny also be cancelle d

by doing nothing, r e l y ing on t he sys t em ’s response to the

- - -- . --— -.
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receipt of spu r ious  protocol items. For example , a

t r an sac t i on  in the “Awaitin g HOLD—OK” state can be cancelled

simply by removing all local knowledge of the transaction .

Later , if the remote MSG sends a HOLD—OK item for a

transaction that no lon ger exists , the system will re ply

wi th  a MESS—REJ.

The four routines that call LocalCancel an d

— RemoteCancel reflect the four causes for transact ion

cancellation —— RescindRe ndingEvent , StopTransac t ion ,

HostDeadTransaction and TimeoutTransa ction. The first two

are invoked from the user call servers , the  t h i r d f rom the

n e t w o r k  ou tp u t se rve rs , and the fourth from the timeout

handler —— from at least three MSG paths. This gives rise

to conten tion issues. In order to dispose of a transaction 
-

both the transaction record and the record for its owning

process mus t  be se ized .  The user ca l l  se rve r  has the

• ( process and needs  the  t r a n s a c t i on , wh i le the n e t w o r k  out put  -

server and the timeout handler have the  t r a n s a c t i o n  and need - 
-

the process.  The user call server is g i v e n  priority. The

ne twork  o u t p u t  se rve r  and t i m e o u t  h a n d l e r  do a n o n — b l o c k i n g

test—seize of the transaction and its owning process. If

the test f a i l s  t h e y  go on to o t h e r  t r a n s a c t i o n s , r e t u r n i n g

later an d trying again.

Whe ther or not a pending event is rescissible depends

on whe ther the event can , with certainty , be c a n c e l l e d -

r e m o t e l y .  For e x a m p l e , an e v e n t  in the  “ A w a i t i n g  X M I T ”  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ -~~~~~ --
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state can be cancelled with certainty by sending a

MESS—CANCEL item . On the other hand , an event in the

“Awaiting MESS—OK” s ta te , with a MESS protocol item already

sent , cannot be rescinded because the message may already

have been accepted remotely (with a MESS—O K response on the

way). Sending a MESS—CANCEL item would not necessarily

succeed. Using this certainty test , Re sc in d Pen di n gE v e n t

d e t e r m i n e s , ba sed on the state of the event passed to it ,

whether that event is rescissible.

The CANCEL module ’s province also includes transaction
- 

timing. Transactions are time d so that users receive

definitive dispositions of pending events without having to

wait indefinitely in uncertainty, an d so t h a t  the MSG

resources  used by a t r a n s a c t i o n  may be freed after an

inord inate delay in completing the transaction. A

transact ion is timed when it is in the -queue of the t imeout

handler. The queue is sorted by t imeout deadline , the

transaction tim ing out earliest b e i n g  a t  the  fr o n t  of the

queue . StartTiming inserts an entry into the timer queue

and StopTirning removes one.

TimeoutH-a ndler , the routine com prisi ng the timeout

han d ler pat h , processes transa ctions .4lich have timed out.

The SIGNAL m e c h a n i s m  is use d to -a w a k e n  T imeou t  H a n d l e r  when

timeou t occurs. TimeoutH-andler o b t a i n s  and  W A I T s  ~n a

signal acti~ ate’i when the -deadline of the transactio n at the

f r o n t  of the  t imer  queue  e x p i r e s , an d c a n c e l s  t he

-



- ____ ________  ~i. ~~TTT~ -

Abst rac t  Model  of MSG 4 1

transac tion when the signal is received . Tirneoutilandler

WAITs additionally for a signal from StartTiming . If the

transaction passed to StartTiming will time out earlier t h a n

the earliest exist ing timer queue entry, Timeou tH a n d l e r  must

be notified to wai t for the new , earlier deadline rather

than  the old , later one.

2.5 The Network  In te r fa c e

The routines that maintain communica tion with other
- j MSG s are found in the REMOTE module. They establish

inter—MSG networ k connections and exchange protocol items

over them .

Connect ions  are  opened for two reasons. A local user

process may wish  to communica t e  w i t h  a remote  one on a host

with which no connection exists , in which case the local MSG

initiates an Init ial Connection Protocol sequence  w i t h  t h e

MSG on the desired host. Alternatively, a remote  MSG m a y

desire to establish a connection , starting an ICP sequence

to which the local MSG must res pond.

When a connection is initiated locally, t he user  c a l l

server en ters the r emote host in HostS , assigns the mos t to

a network server pair , poss ib ly  cre ati n g new s erve r s  for

t h i s  purpose , an d not i f ies th e out p u t s e r v e r , v i a a spe c i a l

e n t r y  in th~ se rve r ’ s d e l i v e r y  q u e u e , t h a t  an ICP  s h o u l a  be

i n i t i a t e d . (This occurs in the Sei zeHost.Handle routine). 

--u --- 
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The o u tp u t  s e rve r  pe r fo rms  the ICP re quest , establishing the

sockets to be used for the connection (in RequestlCP). If

the I CP re ques t  should f a i l , al l  protocol  i tems w a i t i n g  to

be sent to the u n r e s p o n s i v e  host a re  cance l led  v i a  host d ead

action. The other MSG ’s authentication demand , in response

to the ICP request , is hand l ed  a sy n c h r o n o u s l y  by the

authentication handler path (AuthenticationHandler).

When a remote MSG initiates a connection the IC?

- - hand l e r  pa th  (ICPI-fandler) responds to its request. It

authenticates the requesting entity as an MSG , establishes

the sockets to be used for the connection , makes  the HostS

ent - r y ,  a l loca tes  servers , a nd f i n a l l y  n o t i f i e s  the ou tpu t

server , by enqueuin g a special entry in its delivery queue ,

that a conne ction should be opened .

In both cases the output server (in the routine

Ne wHo st )  opens the actual MSG—to—MSG connection , exc hanges

synchron ization information with the remote MSG , c a n c e l s

t r a n s a c t i o n s  to the  new hos t  w i t h  the  w r o n g  i n c a r n a t i on

number , and notifies the in put server that the new host

exists.

When pro pe r l y  f u n c t i o n i n g connec t ions  w ith a n o t h e r  M SG

exis t they are used for exchanging protocol items , the units

of in te~ .MSG commun ication. The process of sending an-i —

receivin g protocol items has two parts. Internal data

structures must be converted to and from the extern al

protocol f o r m a t s  r ecogn ized  by a l l  MSGs , and  those e x t e r n a l

-

~
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i t em s  must  be sent  and received over the network. In the

abstract model , these convers ions are defined in terms of

pseudo data structures , thus making them non—procedural and

separate from network data transmission . This method of

specifying conversion provides clarity and modularity, 
- 

-
-

aiding understanding and maintenance.

The conversion specifications are used as templates

over buffers containing network data , imposing order on an

undifferentiated mass of bits. They are defined in a form

similar to the ELi STRUCT operator. The FORMAT operator

takes a list of fields , each field corresponding to one in

the external protocol item being conierted . Fields in the

FORMAT definition appear in the same order as in the

extern al item . In general a field is described by a field

name , the  data type of the entity represented by the field ,

and the length in network bytes of the field in the external

pro tocol item . For example , in the def inition of

MessForrnat , the first field is Length , which contains the

number of network bytes in the item . Its desire d type is

Shortlnt and it is two network bytes long .

Some fields do not have this form . B ool ean f iel d s h a v e

no network byte length —— they are kn o wn  to b e individual

bits. Other fields consist of several subfields occurrin g

in a common patter n . S u ch  fields ha-i e , instea d of a m ode

and length , a “ “  (indicatin g the existence of subfielis)

and the name of the FORMAT where the sub fields are defined. 
- •

—

~ 
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For exam ple , in MessFormat SourceProcess and DestProcess

have the s t r u c t u r e  of an MSG Proces sN am e , wh ich is d e f ine d in

a separate  FORMAT.  Other f i e l d s  are  conv e r t ed  by r o u t i n e s .

In some cases these routines are name d in and used by

FORMAT. Such routines , preced ed by the  “ a ”  opera tor , are

specified in the type position of the field using them . For

example , in MSGProcessName GenerieName is converte d by

GenericCiass .  In other  cases conversion routines are

invoked i n d e p e n d e n t  of F O R M A T .  F ie lds  conver t ed  in such a

manner appear in FORMAT definitions as documentation. They

are indicate d by a “ — —— “ in the type position. For example ,

the message tex t field in MessEormat is handled by special

text moving routines , but t he t e x t ’ s presence is documented

by the Text  f i e l d .

Many external protocol fields can be converted and

assigned to and frOm their internal representations

d i r e c t l y ,  w i t h o u t  f u r t h e r  p r o c e s s i n g .  For e x a m p l e , in

ConnOpenFormat ConrilD is logically equivalent to ConnID in

ConnBlock , the target internal representation. On the other

han d , ConnOpenForm at’s Type Booleans do not correspond to

ConnBlock’s ConnType and ConnD irection , with further

processing necessary. Those fields that can be assi ned

d i r e c t l y  are  in d i ca t e d in a FORMAT by a “s” . They mus t  h ave

the same name , mode and meaning as the target internal

field. Suc h fields are susceptible to colle ctive

assignment , where a whole item is assigned to and fro~ its

internal equivalent without in dividual fields being 
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m e n t i o n e d .

F O R M A T — d e f i n e d  conve r s ions  are use d in the  netwo r k

i npu t  and o u t p u t  se rvers .  They a re  invoked  by the  “H” ,

“ “ , “<i “ and “ 1> ”  operators. The operator specifies

the FORMAT to be imposed on the network buffer , and the

opera tor references a particular field in the given FORMAT.

For example , in Protocolln put the Header FORMAT is used (H)

to retrieve (D the Command field in it. The <H and H>

operators are used to perform the collective assignment.

They obviate the need for using the operator on every

field. For example , in InputMess the <H operator assigns

all @—markc d fields in MessFormat from the network data

b u f f e r  to t he in t e r n a l  Me ssBloc k , and in Out putM e ss  > does

the reverse. Both operators also set the FORMAT to be used

by t he opera to r , so that after < or > , m ay  be

employed for i n d i v i d u a l  f i e l ds .  For example , in

Inpu tConnOpen translation between the external Type Booleans

and the internal ConnType and ConnDirection fields is

per formed us ing

Both the network input server and the network output

server have a similar structure. Each is organized around a

dispatcher , which transfers control to routines specializ ed

for processing specific protocol Items . The input

dispatcher , Protocolln put , wa its for an iten to come in on

one of i t s  netwo r k c h an n e l s , wh i le th e o u t p u t d i s p a tc her ,

ProtocolOu tput , sends out items put in its delivery q.~eue .

~
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The i t e m — s p e c i f i c  r o u t i n e s  p e r fo rm F O R M A T — d e f i n e d  a s s i g n m e n t

to and f ro m the ne twork  d a t a  b u f f e r  and the  proper

t r ansac t i on  record and , in the  case of i np u t , cal l  the

appropr i a t e  Q UEUE r o u t i n e .

_ __ _ __ _ __ _ _  - - -- —~~~~~~~~ - - --~~-—-
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3. The Langua .1e of the Mod el

The M SG ab s t r ac t  model  is w r i t t en  in EL i  [M a n u a l ] ,  the

base language of the ECL sys te m , w h i c h  hosts the te stbed for

our  pro gram d e v e l o p m e n t  e x p e r i m e n t s .  D u r i n g  r e f i n e m e n t , ELi

t e x t  wi l l  be reduced to SPECL , a sys tems p r o g r a m m i n g  ve r s i on

of EL i , and then in to BLISS , an implementa tion language.

BLISS was chosen because there are BLISS compilers for both -

of the  mach ines  for  which we plan to make MSG realizations.

Because the systems resulting from refinement must be

independent of the ECL r u n t i m e  fac ili ties , we have  t aken

care to ensure that dependence on certain ECL features will 
-

b e easy to remove .  The model  uses e xp l i c i t  f r e e i n g  of’

records allocated in the data base , for example , because

g a r b a g e  co l l ec t i on  wi l l  u s u a l l y  not be prac t ical  in a

concrete  i n s t a n c e , a nd because  d e t e r m i n i n g  by m e c h a n i c a l

• a n a l y s i s  when s torage  can be r e c l a i m e d  r e m a i n s  a d i f f i c u l t

research problem .

The modelling language also includ es extensions to ELi

w h i c h  aid r e a d a b i l i t y  and prov id e t he f ree d om to re f ine

certain expressions in a variety of ways. Some of these

e x t e n s i o n s  a re  s p e c i a l l y  h a n d l e d  by the  tools  used in

refinement.
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— 3.1 Data Type Generators

The model makes use of operators for type creation -that

are not part of ELi , but that have behaviors related to

similarly named base language type generators. Pointer, for

example , constructs types whose instances behave like

pointers , but could be implem ented either as machine

addresses or table indices. Value is the operator used to

dereference an abstract pointer. Sequence denotes a class

of objects that are homogeneous indexable collections ,

without pinning down whether its members are of fixed or
- 

variable length. Union types represent objects whose types

are not fixed until runtim e; type tags and hidden pointer

levels may be used , or it may be possible to avoid this

overhead. En umeration produces a type whose elements are

members of a set of tokens fixed when the type is generated .

Constants of an enumeration type are delimited by double

quotation marks. (The ELi bui ltin type SYMBOL , whose

literals are norm ally indicated by double quotes , is not

used ~~~ se in the model since it implies runt ime hash table

maintenance. )

The ty pe operator HAS creates heterogeneous record

types from tuples containing field names and compon ent

t y p e s .  HAS w i l l  also be used l a t e r  in MS O d e v e l o p m e n t  to

effect type refine m ent —— a i d i n g  a d d i t i o n a l  f i e l d s  to

existin g types to satisfy needs that arise at lower leve ls

of abstraction.

_ _ _
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3.2 Set and Queue Abstractions

The model makes use of two abstract type generators

that are neither explicitly defined nor analogous to base

language operators. Set(M) represents an unordered ,

non—repeating collection of’ objects of type M. Insert and

Remove are generic procedures that enter and delete elements

from sets. Queue (M) denotes an ordered , fixed-capacity

collection of’ M—values that need not be unique within the

collection. EnQ and DeQ are generic procedures that enter

and delete queue elements. Front is a function that returns

the least recently entered element of the queue it is

applied to. IsFullQ is a predicate that returns TRUE when

applied to a queue that has reached Its capacity.

The names of sets in the model are conventional ly

terminated with a capital S (e.g., ConnectionS ); names of

queues end with a capital Q (e.g., InputAlarmQ ).

3.3 Iteration Expressions

To ensure that the model routines that deal with

collection abstractions remain independent of the

representations chosen , we use abstract iteration

expressions. The general form of these loops is

FOREAC H E AT P IN C DO 31; . . .  ; Sk E N D

This expression will bind the identifie r E to successive

elements of the collection C and execute the statements Si

- - - -—-—~~~~~~~ - - -- -~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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through Sk once for each such binding. A3 with ELi

Iterations , any statement Si may have the form B :> R , where

B and R are expressions and B yields a Boolean result. If ,

when such a statement is executed , B evaluates to TRUE , then

the loop is termin ated and the value of R becomes the value

of the loop.

The clause AT P is optional. When it appears , the

identifier p will be bound on successive iterations to a

state variable whose exact definition depends on the data

type of the collection C. This state variable can be used

to efficiently delete and insert elements in the collection

durin g an iteration . For instance , the generic procedure

DeQAt (P), used during an iteration over a queue C , would

remove the currently bound element from the queue . It would

be equivalent to DeQ (C, E), but would be more efficient.

• Normally, the order in which the elements of a

collection are bound by an iterator is not -def ined. To

guarantee scanning of queues in least—to—most recent order ,

we use

FOREACU E FromFrontOf Q DO ... E~ D 

~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~ -- —----- ,~~ _
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APPENDIX: Text of the MSG Model

MSG ... Abstract Version
The abstract version occupies the following modules:

GLO3AL — Co~i:aon definitions and tables
. (This file.)
. DR I VE R — MSG initiation arid main routine

PROCESS — Uscr program linkages to MSG prim it ives
. LOCAL — Code for local process servers

QUE UE — Tharisaction queue management routines
. R~ 4OTE — Cod e for remote host servers
• CANCEL — Pending event timeout management 

- 

I */ fill ;

Sets, Q~eues, and Handles

. In abstract MSG , the only difference between a “set” and
• a “queue” is that the latter is expected to conform to some

queueing discipline as regards adding and deleting entries.

~ comm itment is made about their representations.

• A “handle” designates a set or queue entry . It has the
abstract properties of a pointer. ~~re than one set

• and/or queue may contain the data referenced by a handle
. arid thus share the -data referenced by the handle.
• A handle is not necessarily represented as a physical
• storage address or pointer.



Abstrac t !‘bdel of MSG 52
t-bdule GLOBAL - 

-

Type Definitions I 
~/ 

“ I
;

~‘ansactionID <—
Encoded version of ThansactionHandle,

• used to identify pending e~ient for
• Rescind primitive and as MSG network
• protocol SourcelD and DestID. ‘ ‘/ ...;

- 

- 
Shortlnt <— ‘Short integer , tz~signed’ ‘I ..•;

StateGode <—
Enuneration(”NullState ” , “Delivered” , “Awaiting MESS-OK” ,

“Awaiting XMIT” , “Awaiting MESS” ,
“Awaiting ReceiveHess” , “Held by sender”,
“Awaiting prior MESS completion” ,
“Awaiting HOLD-OK” , “Awaiting retransnission”,
“Awaiting ALA RM” , “Awaiting AL ARM—O K” ,

“Awaiting ReceiveAlarm”,
“Awaiting CONN—OPEN or CONN—CLOSE” ,
“Awaiting CONN-CLOSE” ,
“Mismatch — awaiting CON~—CLOSE” ,
“Awaiting CONN -OPEN” , “Awai ting Close Conn” ,
“Awaiting OpenConn” , “Connection open”);

CorinDirectioncode <—  &iuneration(”In”, “a’t” , “Ina~t”);

CorinTypeCode <—

En u-neration( ” Binary ” , “UserTELNEl”, “ServerTELNET”);

ProtocolCode <—

En uneration(” Null. Protocol Cczi~rnand” , “MESS” , “MESS-OK” ,
“MESS —REJ” , “ MESS—HOLD ” , “MESS—CANCEL” , “XMIT” ,
“ALA R~ ’ , “ALA RM .OK” , “ALARM —REJ” , “CONN .O PEN” ,( “CONN—CLOS E” , “ COUN —REJ ” , “Start ICR” ,
“Finish ICP” ) ;

ConnlDCo ie <— Snortlr it;

kbstCoie <—  Shortlnt;

AlarmGoie <— Si~ortInt;

Generieclassccde <— Enui~eration(”Nu llGod e” , . .•) ;

ReasoriCode <—  Enumeration (”Incomplete” , “Normal” , ...);

HandlingCode <—
Enuneratiori( “~brmal” , “Sequence” , “StreamMark” , “-~Walt”);

String <— Sequence (character);

Str in~Ptr <— Pointer(String);
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ProcessName HAS
< Fbst (FbstCode), Incarnation(Shortlnt), Instance(Short lnt),

• GenericNa-ne(Union (StringPtr , GenericClassCode)) >;

ProcessHandle <— R inter(Process Block) ;

ProcessBiock HAS
F < Nane(ProcessUai~e), Useraiainel(thannelHandle),

~~tputM~ssQ(Queue (~~�ssHandle) ) ,
~itputA1armS(Set(Alarm Handle)), ConnectionS(Set(ConnHandle)),
InputHessQ(~ueue(~4~ssHa ndle)),
InputAlarrn~(Queue(A1arm Handle)),Inhibite-d DestS(Set(STRUCT(DestProcess : ProcessName ,

InhibitAll:BOOL))),
Deliveryserver(ScrverHandle) , LA~ccept ( BOOL),
Free&~fferSize(Shor tInt), C~i,mitted~ ifferSpace(ShortInt),ReceiveMessQ(Queue( MessUa ndle)),
ReceiveAlarm~(~ueue(AlarmHandle)),CloseGormS(Set( ConnUandle)) >;

GenericHandle <— Pointer (GenericBlock);

GenericBlock HAS
< Class(StringPtr), Code(Gener icClassCode),
HostS(Set(HostCode)), ~jnFile(Filena:ne),
ServerS(Set(Serverflandl e)), InputMessQ(Queue (HessHandle)),
Freealffersize(Shortlnt), Co~nm ittedàifferSpace(ShortInt),
ReceiveMessQ (MessHandle), ihsupported (BOOL) >;

Ser~ierHandle <-

Polnter(Linion(InputServerBlock , DeliveryServerBiock));

DeliveryServerBiock HAS
< DeliveryQ(Queue (ThansactionHandle)) ,
Server(Procedure), O-~annelS(Set(Q~annelHandle)),
Running(E300L), WakeUpSignal(SignalType) >;

InputServerBiock HAS
< Server(Procedure), Q~annelS(Set(~harinelHandle)),

~4akeUp Signai(SignalType) >;

FbstHandle <— Pointer (FbstBlock);
HostBlock HAS

< Fbst(}-bstCode) , Incarnation(Shortlnt) ,
ConnectionS(Set( CianneiHandle) ) ,
DeliveryScrver(ServerHandle), InputServer(ServerHandle) >;

ChanneiHaridle <— Pointer(CiannelBlock);

channelB1oc~< HAS < Uzer(UserHandl.e) >;

ContactHaidle <—  Pointer( ContactBlock);

ContactBloc~ HAS
< RenoteHost(H ostHandle) , RemoteSocket (Integer) ,

LocalSocket( Inte~er) , Protocol G~m~and(ProtocolCode) >;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Abstract l’bdel of MSG 5~
~bdule GLOBAL

MessHandle <— Pointer(MessBlock) ;

MessBlock HAS
< Op (OpCode), Text(StringPtr), TextLengthCShortlnt),

SourcelD(ThansactionlD), DestID(ThansactionlD),
SourceProcess( ProcessN-arne), DestProcess( ProcessName),
Deadline(Integer) , Dispasition(ReasonCode) , IsGeneric (BOOL) ,
IsSequericed( BOOL), IsMa r k-ed(BcXD L) , r~~Eb1d( BOOL),
FbldOkay(BOOL) , QWait(BOOL ) , IsFbstless(BOOL) ,
State(StateCode), Signal(SignalType) >;

ConnHandle <— Pointer(ConnBlock);

ConnBlock HAS
< Op(~~Gode), ConnID(GonnlDCode), GorinTypeC CorrnTypecode),ConnDirection(OonnDirectionCode) , ConnB ’jte size(Snortlnt),

~~uroeProcess(Pr ocessN3ne) , DestProcess(ProcessNane) ,
SourcelD(TransactionlD), DestiD(TransactionlD) ,
Disposition(ReturnCode), Deadline(Integer),
EndSignal(SignalType), Gonnection(~~aririelHandle),
LocalSocket(Integer), RemoteSocket(Integer),

- 
- ProtocolCo-nmand(ProtocolCode) , State(StateCode) ,

Signal(SignalType) >;

Alarmi-bridle <-. Pointer (Al armBlock);
P~larm Block HAS

< Op (OpCode), Alar:n(AlarmCode), SourcelD(Transact ionlD),
DestID(ThansactionlD) , Disposition(Return Code) ,
Signal(SignalType) , Deadline(Integer) ,
S urceProcess(ProcessNan e), Destprocess(ProcessNane),
State(Statecode) >;

Term Handle <— Fk~inter(TerrnBlock);

Ter:nBlock HAS
< Op (c-~Code), UserC’~annel(Q~annelHandle), Signal(SignalType),Deadline(Inte ger), Disposition (ReasonCode) >;

UserUandle <— ~kiion(ProcessHandle , fbstHandle);

TransactionHan-dle <—

1k-~ion(t-~essHanole, Al arm Uandle , GonnHandle , TermHandle,
ContactUandle) ;

DestHand le (— Union(ProcessHandle , GenericHand le) ;

a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~• _ •
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• Module GLOBAL

DATA ‘ ‘I ““ ;

ProcessTable <— CONST(Sequence(ProcessHafldle));

HostS <— CONST(Sct(HostHaridle));

GenericTable <— CON ST(Sequence(GcnericHandle)) ;

Serv erTable <— CONST (Sequence( ServerHandle));

TirnerQ <— CONST(~~eue(TransactionHandle));

Trans~ctionTable < —  CONST(Sequence (Transactionllandle));
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Module GLOBAL

‘ PRIMITIVE PROCEDURES ‘ ~/ ““;

. Abstract channels

The following define abstract
• channels , used for cominu~icat ion of data between
. paths . They are modelled after the channels used
. in the CCN system .

• CI4OPE N is used to open a channels. Each path
• supplies the same channellD. The channel is closed

• if a CUCLOS E is issued fran either side , but
. will be closed only after data in the channel has
• been received.

• Qitput on the channel is assui~ed to b~ blocking
• SEND (or = >) ,  while input blocks only if the

third argunent to RECEIVE (or <~:) is TRUE.
• I~bnblockin; input is used in LOCAL to suppl y
• locations for the results returned at completion

of a pend ing event.

ConnByteSize defaults according to the Type of
• the channel .

• = >  and < k  are syrion~ns for SEND and RECEIVE .
• In certain implementations (suc h as TENEX), they
• will be refined away arid be replaced by assignment. 

‘

CHOPEN <—

EXPR (Id :aiannellD I ’ ‘channel spec’,
Type:CorinTypeGod e /* ‘Operating mode’ ,
ConnBytesize :Shortlnt ;
channelHandle) ...;

SEND <—
EXP R (D ata :ANY /‘ ‘Data to be transmitted’,

channel: CharinelHandle;
ANY ) ...;

:>  <— SEND ;

RECEIVE <—

EXPR (Deta:ANY I ’ ‘Wnere to put received data’,
Channel :C~ianielHanu 1e ,
Blocks:300L I ’ ‘Blocks if TRUE ’;
AN Y ) •..;

_  - 
_ _- -• —•—--— ----- — __ —— ~~~_- --- —_ — — -—— —
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Module GLOBAL

<1: <— RECEIVE ;

•,, I __ .
%~ I-- —

• Infix operator for blocking RECEI VE
~~1/

EXPR (Deta :AN Y , Channel : channel Handle ; ANY )
RECEIVE(Data, Channel , TRUE);

P~keId <—

• Used to construct a ChannelID
• for a net~~rk CHOPEN. ‘

EXPR Gbst :Inte~er 1* ‘Remote host (0 for any) ’ ,
Rsocket:Integer 1* ‘Remote socket (0 for listen)’,
LSocket:Integer /~ ‘Local Socket’;
chanriellD) ...; 

~~~~-- - --- - - - ~~~~~~~~~~~~~~ --
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Module DRIVER

• DRIVER — MSG Initialization and main
• routine 

11_ f ;

InitiateMSG <—
EXPR ( Restart :BOOL)

BEGIN -

InitializeGenericS() /‘ ‘Read the data from disk’ ;
(Restart —> KillUserProcessesQ) II

• Issue termination signals.
Al so , drop any remote host
connections remaining.’;

SetNewIncarnatioffl~&rnberQ;Initia].i zeServerS() 1*
. Set up set of servers to
• start up and run ’;

I
. These include the ContactServer and AuthentificationServer ’ ;

PollAndsleepO;
END; 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Module PROCESS

• PROCESS • . .  User Progran MSG Call s

• These are the MSG primitive calls. 
• 

• PROCESS contains code and data that
. are included in the user progran
• to call MSG pr imitives . The argunents ,
• result type , and the actual abstract
• call for each MSG primitive are given
• fi rst below. Each pr imitive call is
• represented as a call of the abstr act
• routine PCall. Each call is of

• • the form :

• PCall(PrimitiveName ,SendList ,
. 

- 

ReceiveList , IsP endingEvent) ;

. Each PCall call gill be refined according
- - I • to the exact mechanism chosen to communi—

• cate between the user process and local
• MSG in a given operating system and

language irnplenentation .

• The SendList and ReceiveList include
• all argui~ents of the primitive call ,
• classified as to whether each argunent
• represents data sent to MSG by the process
. or data received fran MSG as a result
. of executing the MSG primitive.

• IsPendingEvent is T~1JE for those MSG
• primitives which create pend ing events .
• The caitnunication algorithn is discussed in
• the commentary preced ing PCall in this fi le.
, ‘I — ;

LA - _  _  _ _— - — -- - —--------—-—-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _~.il___ - —
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Module PROCESS

SendGenericMessage <—

EXPR ( Text:  StringPtr,
DestProcess : ProcessName ,
Signal :SignalTy pe ,
PendingEventlD:ThansactionlD,
Disposition : Reason Code ,
Timer:Integer ,
Qwait:FfandlirigCode;
ReasonCode)

PCall(”SendGenericMessag e” ,
- - < Text, DestProcess , Signal, Timer , Q14ait > ,

< DestProcess , Disposition > , TR U E) ;

ReceiveGeneric~~ssage <—
EXP R (Text: StringPtr ,

SourceProcess : ProcessName ,
Signal: SignalType ,
PendingEventlD: TransactionlD,
Disposition : Reason Code ,
Timer: Integer ;
Reason~ode)

PCa11( “ReceiveGenericMessage” , < Signal , Timer > ,
— < Text, SourceProcess, Disposition > , T R U E );

SendSpecificMessage <—
EXPR(Text:StringPtr,

DestProcess : ProcessName ,
Signal: SignalType,
Rend ingEventlD: TransactionlD,
Disposition: Reason Code,
Timer: Integer ,
Handl ing :Handling Code ;
Reason Cod e)

PCa11(”SendSpecificMessage” ,
• ( Text , DestProcess , Signal , Timer , Handling > ,

< Disposition > , T R U E ) ;

ReceiveSpecificMessage <—

EXPR (Text:Stri ng Ptr ,
SourceProcess : ProcessName ,
Signal : Sign al Type ,
Rend ingEv entlD: TransactionlD ,
Disposition : Reason Code ,
Timer : Inte~er ,
Han dli r~g:H andl ingCo de ;
Rca sori~od e)Pcall( ” ReceiveSpecificMessage” , < Signal , Timer > ,

< Text , SourceProcess , Di sposition , Hand l ing > , T R U E) ;  

- _ __ _
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Module PROCESS

Send Alarm <—
EXPR (Al arm :Al arrn Code ,

Dest Process: ProcessNarn e ,
Signal:SlgnalType,
Rend ingEventlD: TransactiorilD,
Disposition: Reason Code;
ReasonCode)

PCa11(”Send Alarin” , ( Alarm, DestProcess , Signal , Timer > ,

< Disposition ) , TRUE);

• ReceiveAl arTn <—
EXP R(Alarm:AlarmCode ,

Sourceprocess: ProcessNane ,
Signal :SignalType ,
Pend ing EventlD: ThansactionlD ,
Disposition:ReasonCode,
Timer : Integer ;
ReasonCode)

PCall(”ReceiveAlarm ” , < Signal, Timer > ,

< Alarm , SourceProcess , Disposition > , TRUE ) ;

Open Connection <—
• EXPR(ConnID:ConnlDCode,

OonnType: Conn Ty pe Code ,
ConnDirection :ConnDirectionCode,
ConnBytesi ze: Integer,
Dest Process : Process Nam e ,
EndSignal : SignalTy pe ,

- - Signal :Signal Type ,
PendingEventlD: TransactionlD,
Disposition: ReasonCode,
Tirner:Integer ;
ReasonCode)

PCa11(”OpenQorinectiori” ,
< ConnID, ConnType , ConnDirection , ConnBytesize,

DestProcess , EndSignal , Signal , Timer > ,

< Disposition > , TRUE ) ;

CloseConnection <—
• EXP R(CormID :Tag ,

DestProcess:ProcessNarne,
Signal :Signa lType ,
PendingEventlD:Tag ,
Disposition :Reascnco-de,
Timer:Inte-~er;Reasori Code)

PCall(”CloseConnection” ,
( ConnID , t~stProcess , Signal , Timer > ,

< Disposition >, TRUE ) ;
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• Mod ule PROCESS

TerminationSignal <.-

EXP R (Signa l :Si~nalType,
Timer: Integer,
Disposition: ReasonCode;
ReasonCode)

PCall(”TerminationSignal” , < Signal , Timer > ,

< Disposition > , TRUE);

• The following primitives do not
• create pending events.

0/ — ;

StopMe <— EXPR ( ; ReasonCode) PCall(”StopMe”) ;

Rescind <—
EXPR (Pe nding EventlD:ThansactionlD; ReasonCode)

PCa11(”Rescind ” , < PendingEv entlD >, < Result >) ;

Accept Al arms <—
EXPR (IAccept:BOOL ; ReasonCode)

PCa11(”AcceptAlarns” , < lAccept

Resynch <—
EXPR (DestProcess:ProcessNane ; ReasonCode)

PCaI1(”Resynch” , < DestProcess > ) ;

WhoAtnI <—
EXPR(Na-ne:ProcessNarne; Reason Code)

PCa11(”WhoA-nI” , NIL , < Name > ) ;  

_ _ _ _ _ _ _  _ _ _ _
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Module PROCESS

PCaI1 <—

• The infi x operators ~~ ~ arid “<:“ denote
• transnission of data fran the user process
• to MSG (SEND —— cf. CHOPE N in file GLOS~L)
• and the reverse. The general protocol is:

• The operation name of the pr imitive and the
• SendList are sent to MSG. MSG validates the
• argunents. It returns a disposition which
• may be:

• “Mormal” Execution is complete , and
• the ReceiveList return data (if any)
• should be received . PCa11 blocks
• until reception is complete.

• “Incomplete” A pending event has been created.
• The receive is issued to request
• the receive list data after
. completion of the pending event.
• If the Signal is blocking, the

- 
• 

• user process blocks ; otherwise ,
. PC3ll exits immediately.

. Other An error has been noted ôy •~1SG. The
• disposition data has been received.
• Mo pending event rias been created .
• PCall exits immediately.

• When a pending event has successfully
been created , MSG returns a PendingEventlD

. to the user. It is used by the Rescind
• primitive. It is also used in PCa11 to -

. open (using CHO PE~) an ind iv idual abstract
• channel o-ier wnich the receive list data

is to be returned by MSG at pending
• event completion . MSG closes this channel
• afterwards. A separate channel for each
• transaction is used to avoid cluttering the
• abstract mode]. with the details of multi-

plexing use -of a single channel .
0/
E~~R(Op: Op Code ,

Send List : List,
ReceiveList :List- ,
createsPerdin;Even ;:&ol;
Reason~ode)

BEGIN

-- ~~~~ --- ~~~~~~~~~~-- - - --—---~~~~~~~~~~~~~~~~~~ - - ---~~~~~~~ --~~~- -• - -
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Module PROCESS

EECL Result:ReasonCode LI KE “tbrmal” ;

• Send Cp arid SendList argunents
• to MSG and wait for validation
• result.

Op = :> MsGchannel;
SendList =1 > MSGChannel;
P(esult <a:: MSGChannel;
/ 0 ’

• It “Incomplete” (when 0-eatesPE is TRUE),
• or “Mormal” , IsAbnormal () fails ’;

IsAbnorinai(Result) :) Result;

~ eatesPendingEvent => 
-

BEGIN

• Receive PendingEveritlD for Rescind.
• Then open channel and ask for ReceiveList
. return data. ‘ ~/ — ;

Pending Event lD ( :: MSGO-iannel;

DECL CH:ChannelHandle LIKE
CHOREN(PendingEventlD, In , Binary);

• 
- ReceiveList <~~= CII ;

“?brmal”;
END ;

• Receive any ReceiveList data.

ReceiveList <Hz: MSGCharmel;
Result;

END;

DATA ‘‘I— ;

MSGCharinel <—

• Qaannel used to co-nmuriicate with MSG.
• Opened in StartUserProcess.

0/ COWST(O-iarrnelHandle) ; 

-- — - --- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Module LOCAL

• LOCAL ... Local process primitive handlers 

• LOCAL handles (via UserCallServer) user
. process primitive requests (see PCall
. in PR OCESS) arid delivery of results
• of primitive requests (via UserDelivery—
• Server.)

• fiandlers for primitives that create
. pending events consist of a Star t rout ine
• (found by looking up the OpCode in
• OpTable) and an End routine (in EndapTable.)

- 
- • The Start routine receives the SendList from

• the user process, validates argunents ,
• creates the pending event , an d calls
• QUEUE to have the event enqueued for
• further processing. The End routine
• handles completion of the pending event
• by sending th~ ReceiveList data to
• the user process.

• Handlers for primitives that do not
• create pend ing events (e.g. ,  ~~Stop~~)
• send any results to the user process;
• in these cases, the PC-all code blocks the
• user until the results are received .

__ -- - —-~~~~~~~ - -  e--~~~~~~~
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Module LOCAL

TABLES ‘ 0/ — ;

- 

- 
cpCode

Enuneration( SendGe rier icMessage , ReceiveGeneric~4essage,
Send Speci fic~4essage , Receive Spec ificMess age ,
SendAlarm , ReceiveAlarm , OpenConnection,

~loseconnection, Termination Signal , StopMe,
Rescind , AcceptAl arm s, Resy-rich, WhoMiI);

CpTable <—
‘ Table of procedures to handle user primitive requests.
• StartXXX starts and eri queues a pending event.
• EbXXX completes the corresponding primitive before
• returning.
I 0 /

CONST(Sequence(Proc edure) OF
StartSend Message /0 ‘Send Generic Message ’ ,
StartReceiveMessage /0 ‘Receive Generic Message’ ,
StartSendMessage I’ ‘Send Specific Message’,
StartReceiveMessage /0 ‘Receive Specific Message’,
StartSendAlarm /0 ‘Send Alarm ’,

• StartReceiveAl arm / 0  ‘Receive (enable) Alarm’,
StartOpenCormectiori /0 ‘Start Open Connection’,
StartCloseConnection /0 ‘Close Connection’ ,
StartTerminatioriSignal /‘ ‘Termination Signal’ ,
L~,StopMe I’ ‘Stop Me’,
DoRescind / 0  ‘Rescind’,
DoAcceptAlarms / 0  ‘Accept Alarms’,
DoResynch /‘ ‘Resyn ch’,
DoWhoAtnI /‘ ‘Wh o Am I ’) ;

EndOpTable <—

CONST(Sequence(Proced ure) CF
En-dsendGenericMessage, End ReceiveGenericMessage,

j End Send SpecificMessag e , EndReceiveSpecifieMessage,
¶ EndSen-dAlarm , EndReceiveAl ar:n, andOpenConnectiori,

End closeCorin ection , End TerminationSi grial ,
End&-okenConnection 1* ‘No t a primitive...

• used to impi enent
• EndSignal for Openconnection’);

TirnerDefaults <—

CONST(Sequence(Snortlnt) SIZE LENGTH(EndOpTable));

•~
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Module LOCAL 

• A-Imitive Handlers 

StartSendMessag e
• EXP R (Op : Opcode, UserQiannel :thannel Handle, SP: ProcessHandle)
• BEGIN

DECL M:MessBlock; -

M.S urceProcess <- SP.Nane ;
DECL Handling :Handling~ode;
< M.Text, M.DestProcess, M.Signal, M.Deadline, Handling > < :
UserQiannel;

ConvertTimer (Op, M .De adline) ;
DCCL MH:MessHandle;
M.Di spositiori <— Reason Code <<

BEGIN
Op = “SendSpeclfic?4essage” ->

IsValidHost(M.DestProcess.Host) +>
RETU RN (”Inva lid host address in process nan e”);

CASE(Handling , Op)
— (“Normal” ] => TRUE;

(“Sequence” , “SendSpecificMessage”] :> M.IsSequenced ;
- [“StreanMa r k” , “Se ri-iSpecifioMessag e”] => M.IsMarked;

C”Q~1ait” , “SendG nericMessa~e”] :> M . IsGen-eric;
TR UE => REIURN (”Handling given is invalid”);

END <— TRUE ;
OR(NOT M.IsGeneric ,

Encod eGeneric Class( M. DestProcess .Generic Class) , -

QaeckBlanKGenericFie lds(M. DestProcess) ) #>
“Generic class given is invalid” ;

IsValidSigrial(M.Signal) #> “ Signal given is inval id” ;
FOREACH C IN SP. Inhibited DestS -

• I REPEAT
C.DestProcess = VAL(M .DestProc ess) =>

BEGIN
C.InhibitAl l :>

RE TURN (” Sen d message strean out of synch”) ;
M.Sequenced ->

RETURN(”Sequericei send message strean out of syn ch”) ;
END ;

END ;
CheckUser~~ench( ) +> “cutput messages quenched” ;
MH <— Allocate(MessHandle , M ) ;
“ Incomplete ” ;

END ;
Disposition :~> UserOianriel ;
IsAbnormal(Disposition) => NOTh ING ;
MH.Usarcn~rinel < —

CFIOPEN( :41-L S urceID <— Assi~nTra n sacti on ID (M H ) : >
Us~rO-unnel , “Cut” , “Bi na rj ” ) ;

FnQCutpu~~ ess( 1H , SP) ;
END;

L i
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End SendMessage <-
EXPR (SP:ProcessHandle , MH :Messfland le)

BEGIN
DCCL Userthannel:UserDeta LIKE SP.Useraiannel;
MH. IsGeneric —>
BEGIN
DecodeGenericCl ass( Mi-I . Dest Process . Generic Class) ;
MH.DestProcess = >  UserChanne].;

END;
MH.Disposition = >  UserChannel;
SIGNAL(MH.Signal);
CflCLOSE ( UserChannel) ;
Free( MH ) ;

END;

StartReceiveMessa ge <—
EXP R(Op :OpCo de , UserChannel :thannelHandle , SP:ProcessHa ridle)

BEGIN
DECL M:MessBlock;
DECL MII:MessFlandle;
DCCL Disposition: ReasonCode;
M.DestProcess <- SP. Narne ;

• < Signal, Deadline >(MH) <k UserQ~annel;Convert.Ti.ner(Op, M.Deadline);
Disposition <— ReasonCode <<

BEGIN
Isvalid(MH.Signal) II> “Signal given is inval id”;
MH <— Allocate (MessFfanule. M);
“Incomplete”;

END;
Disposition =~ > UserQaannel ;
IsAbnormal (Disposition) =) NOTHING ;
Mfi. Userchanriei

CHQ PEN(MFi .DestID <— AssigriTransactiorilD(MH) = >
UserCharinel , “Cut”, “Binary”);

EnQReceiveMess(MH , SP);
END;

EndR~ceiveMessage <—

CXPR(SP: Process i-Landle , MH:Messflandle)
BEGIN
DCCL Userchanriel:UserDeta LIKE SP.UserChannel;
DecodeGenericClass( MI-I. &~urceProcess .GenericClass);
< Text , & urceProcess , Disposition > (M I-I ) = >  Userciannel ;
NOT MH.Is~ener ic — > (En coie H -andl ing (MH ) :~> tjserciannel); 

—

SIGNAL(MH. Signal);
Free(MH);

END;
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Module LOCAL

StartSendAlartn <-

EXPR (Op : OpGode, UserChannel: thanneiHandle, SE ’: ProcessHandle)
BEGI N
DECL A :AlarmBlock;
DCCL AH:A larm H3ndle;
DCCL Disposition: Reason Code;
A.SourceProcess <- SR. Name;
< Alarm, DestProcess , Signal , Deadline > (A ) < :
UserQiannel;

Convertmner(Op, A.Deadline) ;
Disposition <— Reason Code <<

BEGIN
IsValid Signal (A.Aigna l) #> “Signal given is invalid” ;
All <— Allocate(Alarm Handle , A);
Incomplete”;

END;
Disposition ::> UserQiannel;
IsAbnornal(Disposition) => NOThING ;

S AH.Userthannel <—
CHOPEN (AH.SourcelD <— AssignTransactionlD(AH) :)

Userthannel , “Cut” , “Binary”) ;
FnQCutputAlarm(AH , SI’);

END;

EndSendAlarm <—

EXPR(SP: ProcessHandle , AH:Al ar:nflandle)
BEGIN
DCCL ¶JserQiannel:UserData LIKE SP.UserChannel;
< Disposition >(AI-i) =~ > UserChannel;
SIGNi~L(AU .Signal);
Free(AH);

END;

StartReceiveAlarm <—
E~~R (Op : OpGod e, User Channel : channelHand le, SI’: ProcessHand le)

BEGIN
DCCL A :AlarmBlock; -

DECL AH:AlarrnHandle;
DECL Disposition :ReasonCode;
A.DestProcess <-. SR. Mane ;
( Signal , Deadline >(A) < : UserChannel;
ConvertTirner(Cp, A .Deadline);
Disposition <—  ReasoriCode <<

BEGIN
IsValidSignal (A.Signal) I) > “Signal given is inval id”;
All <— Alloca te(Al arm Handle , A);
“Incomplete ” ;

END;
Disposition :~) UserChannel;
AH.Userchannel <—

CIIOPEU(AH.DestID <— Assi~ nTra n sa-: t ioriI D(AH ) = >
User Channel , “cut” , “Binary”);

EnQReceiveAl arn( X—I, SI’);
END ;

- --- -- ~~~- --- ~-- --—~ --— - -——-~~~—--~~~~~-------- ~~~~~~ -—-
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Module LOCAL

End ReceiveAlarm
EXPR (SP: Processf-iandle, All: Alarm llandle)

BEGIN
DECL Userthannel : UserDeta LI KE SR. Userthannel;
Decod eGeneric Class( All. ~ourceProcess .GenericCl ass) ;
< Alarm , SourceProcess, Disposition >(AH) :~> Userthannel;
SIGNAL(A1-i.Signal);
Free(AH);

END;

StartOpen Connectiofl <—
EXP R (Op : Opcode, Usertharmel : ~hannelHandle, ZR: Processl-bndle)BEGIN

DCCL C:ConnBlock;
DECL CH:Gonn l-iandle ;
DECL Disposition:ReasoriCode;
C.SourceProcess <— SP.Nane;
< ConnID, ConnType, ConriDirectiori , ConriBytesize,
DestProcess, EndSignal , Signal , Deadline >(C) <k
Userthannel;

ConvertTizner(Op, C.Deadline);
Disposition <— ReasonCode <<

BEGIN
IsValidSignal(C.Signal) II> “Signal givan is invalid”;

- IsValid fbst(C.DestProcess.I-bst) +>
“Invalid host address in process nane”;

AssignLocalSocket(C.LocalSocket, SE’);
IsValidBytesize( C. CorinBytesize) 11>

“Bytesi ze given is invalid” ;
CH <— Allocate(Corinectionllandle , C);
“Incomplete”;

END;
Disposition :> Userthannel;
Is~bnorm al(Disposition) =) N OTHING ; -

• CH <—
Cl-IOPEN(CH.SourcelD <— AssignTransactionlD (CH) = >

Userch-annel , “Cut” , “Binary”);
En~JutputOpenCon ri (CH , SF);
Fr ee(CH) ;

END;

EndOpenConnection <—
EXPR (SP: Processllaridle, CH:cormllandle)

BEGIN
DCCL UserCnarinel :UserDeta LIKE SP.UserCiannel ;
Is~bnormal(CH. Disposition <-. OpenDirectGorinection(CH, SE ’)) =>

En~)utputCloseCorin( Cl-I, SF);
< Disposition >(CM) = 1> Userchannel;
SIGNAL ( CM. Signal)
Free(CH );

END; 

~~~~~~~~~~ -- -  - - -- ~~~~~- -~~~~ - - - 
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Module LOCAL

StartCloseConnection <—
• EXPR ( Op :OpCode , Userthannel :thannelllandle, SP:Processllandle)

BEGIN
DECL C:ConnBlock;
DCCL CH:Channelllandle;
DCCL Disposition: Reason Gode;
< ConnID , DestProcess, Signal , Deadline > ( C) < =

Lj sercharinel;
ConvertTimer(Op , C.Deadline) ;
Disposition <— Reason Code <<
BEGIN
IsValidSignal(C.Signal) #> “Signal given is invalid”;
CH <— Allocate(thannelllandle, C);
“Incomplete”;

END;
Disposition = >  User Channel;
IsAbnormal (Disposition) :) NOTHING;
CH.Userthannel <—

CHOPEN (CH .SourcelD <— AssignTransactionlD(CH) = >
Userthannel, “Cut”, “Binary”);

CH.SoixceProcess <— SR. Name;
EnQCutputO.oseGonn(CH, SF) ;

- END;

EndCloseConnection <-.
EXPR (SF: ProcessHandle , CH: Connllandle)

BEGIN
CH.Disposition <-. CloseDirectConnection (CH, SE’);
DCCL Userchanriel: UserDeta LIKE SF. Usercriannel;
< Disposition >(CH) =~> Userthannel;
FreeL~calSocket(CH. LocalSocket, SF);
SIGUAL(CH.Sigrial);
CHCLOSE(Userchannel);
Free(CH);

END;

StartTerminationSignal <—

EXPR (Op:OpCode , UserQiannel:ChannelHafldle, SF: Frocesallandle)
BEGIN
DCCL T:TermBlock;
DECL TH :Ter :nHandle;
DCCL Disposition: Reason Code;
Converttimer (Dp , T. Deadline) ;
< Signal , Deadline )(Th) < :  UserGiannel;
Disposition <— ReasonCod e <(

BEGIN
IsValidSignal(S) /~> “Signal given is invalid” ;
TM <— Allocate(Term llandle, T);
“Incomplete”;

END ;
Disposition :> Userthannel;
IsAbnormal(Dizposition) :> NOTHING ;
TH .Userthaniel (—

Cl-IOPEN ( Nu IIT? ansactionlD , “~~ t” , “Binar y” ) ;
END;

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  _ _
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— Module LOCAL

EndTerminationSignal <—
EXPR ( SP: Process l-iandle, TM: Termllandle)

BEGIN
DCCL User Channel: Channel Handle LI KE SF. User Channel;
< Disposition >(SP) :> UserQiannel;
SIGNP~L(TH.Signal);CHCLOSE(Userthannel) ;
Free(rd) ;
tbStopMo(SP) ;

END;

End~~okenConnection <-
. An artifact. The connection has been broken ,
• so is closed . The Op “StopMe” is posted
• and the CH delivered in such a way as to
. post the local process EndSignal.’ ‘I

EXP R (Op :Opcode, SE’: ProcessMand le , CH: ConnHandle)
BEGIN
DECL UserGnannel:UserData LIKE SP.Userthannel;
SIGNAL(CH.Endsignal);
CHCLOSE(UserQiannal);
Free(CH) ;

END;

1

_ _ _  
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- - 

I~~ topMo <-

• Rescind pending events (0utput~~XQ, Receive~~~Q,
• Connect ions awaiting r enote open)
. Close direct conrections.
• Kill off InputXXXQ and connectionS’ *1
EXPR(Op :OpCode, Userthannel :Chanrielllandle, SF: ProcessHand le)

~~Rescind <—
- - 

EXPR (Op:GpCode, Userthannel:thannelllandle, SF:Processllandle)
BEGIN
DECL Event:ThansactionlD;
Event < =  Userthannel;
DECL TH:Thansactionllandle LIKE Seize(Event);
RescindpendingEverit(TU, SE’) = >  TH.Userthannel;
Free(Th) ;

END;

~~AcceptAlarms <—
EXPR(Op :OpCode, Userthanriel :ChannelHandle, SE’: Processllandle)

• SP.IAccept <~ = Userthannel;

~~Resynch <—
EXPR(Op:GpCode, Userthannel:thannelllandle, SP:ProcessHandle)
BEGIN
DCCL P:ProcessName;
P <~= Userthannel;
FOREACH C IN SR. Inhibited DestS
DO C.DestProcess = F :> Remove(C, SP.InhibitedDestS) END ;

END;

~~t4~oAmI <-
EXPR (Op:cp Code, Userchannel:Charinelllandle, SP:ProcessHandle)

• -( SP.Name = >  Userthannel;

-

~ 

- - -~~~~.-- - - --
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‘ SERVERS ‘ *f _ ;

UserC~illServer <—
EXPR (SI-I: Server Handle)

BEGIN
DCCL Op :OpCode;
DECL WaitS: Set( channelfLandle) LIKE SM. ChannelS;
RE PEAT

DECL Usertharmel : Charinel llandle LI KE AWAIT ( WaitS);
DCCL SE’: Processllandle LIKE Usertharinel .User ;
Seize(SF) ;
Op (= Userthannel;
OpTable(Op](c~, Usertharinel, SF);
Release(SP) ;

END;
END;

UserDeliveryServer <—

I UserDeliveryServer waits until it is SIGNALed , then loops throt.~ h
I its delivery queue , re:noves entries and dispatches to the
! appropriate output routine. The entries are then dequeued.

‘‘1
EXPR (SH :SarverHandle)

BEGIN
DCCL QEntry:Transactionllandle;
DECL LP: Process Handle ;
Seize(SH . Del iveryQ) ;
RE PEAT
Null(SH.DeliveryQ) .->

BEGIN
• SH.Running (— FALSE ;

Release(SH. Del iveryO~ ;
WAIT({ Si-I.WakeUpSi.;nal });
Seize(SH. Del ivery~);END;

QEntr y <— Seize( Front(SH .Del iv ery Q)) ;
Release(SH. DeliveryQ);
LP <— SeizeFrocessllandle (criginator (QEfltry));
EndOpTableE~Eritry.cp](LR , QEntry);
Release(LP);
Seize(SH. Del iveryQ) ;
DeQ(SH.Del iveryQ, QFntry);
Free(~Entry);END ;

END;

- -  ~~~~ - - - -~~~~ -~~~~~~-~~ -~~~~~~~ -- ~~~~~~~—~~•—- - _ _ _ ~~~~__ _~~~~~__S — •-
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Miscellaneous routines ‘ ‘I — ;  
—

StartGeneric Process <—
EXPR(Class :GenericClasscode; processllandle)

BEGIN
DCCL G1-I:Generic Handle LIKE GenericTable[Class);
DCCL P:ProcessBlock;
P.Name.GenericCl.ass <— GH.Code;
DCCL PH:ProcessF{andle LI KE Allocate(F’rocessllandle, F ) ;
CompleteProcessName ( PH);
StartUser Rrocess(GH , PH) ;
PH ;

END;

ConvertTimer (— - -J
EXPR (Op:OpCod e, Timer:Integer) -

~~~~

BEGI N
Timer = 0 — > Timer <— TimerDefaults[Op];
MakeIntervalAbsolute(Timer);

END;

~~iginator <—
EXPR(TH: TransactionHandle; ProcessNane)
CASE(TH.cPJ
(“ReceiveGeneridMessa~e”),(“ReceivespecifieMessage”) ,
(“ReceiveAl arm”) => TI-I . Dest Process ;

TRUE :> TH.SourceProcess;
END;
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QUEUE : Queue Mana~enent Module for MSG

I Management routines for the data base shared anong MSG processes .
I This data base consists pr incipally of que ues and sets of
I transaction records. Each record descr ibes the state of a pend ing
I event , a message , an alarm , or a direct connection. Most queues
I and sets are associated with particular local user processes,
I and are anchored in the corresponding process handles .

I Routines exported by QUEUE are called from the servers that implement
I user process pr imitives (PRIM ) , from those that implement the
I MSG—to—MSG protocol (PROT), and from the timer process (TIMER),
which implements event timeouts.

The exports fall into three groups: those dealing with messages,
alarms, and direct connections.

Message handlthg routines:

I En~JutputMess SendSpecificMess, SendGenericMess primitives
I FnQReceiveMess ReceiveSpecificMess , ReceiveGenerieMess pr imitives
I EnQlnputMess MESS protocol item
I RecordMESS\OK MESS-OK protocol item
I R~cordMESS\REJ MESS-REJ protocol item
I RecordMESS\HOLD MESS—HOLD protocol item
I RecordHOLD\OK HOLD-OK protocol item
RecordMESS\CANCEL MESS—CANCEL protocol item
RecordX’IIT )~4IT protocol item

I SendMESS\REJ Reject received MESS
SendMESS\CANCEL Cancel. previously sent MESS

I Alarm handling routines:

• I EnQOutputAlarm SendAlarm pr imitive
1 EnQReceiveAlarm P.eceiveAlarrn pr imitive
I EnQlnputAlarm ALARI protocol item
I RecordALARM\O K ALA RM-OK protocol item
Rcc0rdALARM\REJ ALA RM—REJ protocol item
SendALARM\REJ Reject received ALARM

Connection handling routines:

I EnQCutput OpenConn Open Gonn pr imitive
En QJutputCtoseconn CloseGonri pr imit ive
EnQinputOpenConri CO~ 4-OPEN protocol item

I EnQinputCloseConn CO~IN—C LO3E protocol item
I RecordC3~I ’I\REJ CONN— R EJ protocol item

Send CONN \REJ Reject received COI4N- OPEN or CONU—CWSE

‘ 1/ — ;

_ _  - - —- _ - -- -~~~~~~
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I Conventions observed in this module:

I Local variables are declared by

I <name> == <mode>
I or <name> <:= <initial value>

! These are equivalent to

I DECL <name>:<mode>
I and DELi. <nan e>:ANY BY VAL <initial value>

1 respectively.

I Whenever a shareable record (e.g., a MessHandle or a ProcessHandle)
I is passed to a QUEUE routine, it is assun ed that the caller has
I locked (“Seize”d) the record , if necessary, and will be responsible

• ! for unlocking it.

‘‘I— ;

_ _  - — - ~~~~~~~~~~~• — - _--- _ 
--_
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Message Handling

I ‘‘I— ;

• ~~QQitputMess <—

- 
- I H is an outgoing Mess fr an user process SF.

1 Charge SF for the text buffer space use-i by M.
I Divide Messes into t~~ categories:
1 ( 1) those having specific destina tion hosts , and
I (2) generic messes that are host—less.
I If M is host—less, obtain a trial host and use EnQUostSpecificMess
I to try to del iver M. If M is rejected by the chosen host ,
I RecordMESS\REJ will select a new host and use SendfbstSpecificMess

to send it again.
I
‘ *1

E~~R(M :MessHan dle , SP:ProcessHa ndle)
BEGIN
Debit&iffer(SP, M);

- M.IsGeneric AND Null(M.DestProcess.I-bst) ->
BEGI N

-

- H. IsFbstLess <— TRUE ;

- 
- M.DestP~ ocess.Fbst < —  GetNe~~ener icFbst (M) ;

END;
StartTiming( M);
EnQI-bstSpecificXess(M, SF);

END;

GetNewGenericFbst <—

I Find a destination host for H appropriate to its generic category.
I If its destination host is null, take the first possible host,
I otherwise take the successor of’ the present host. Return a null
I host code if the present host is the last in the list.

,*/
EXPR (M:Ma ssHandle ; I-bstCode)

BEGIN
Oldlbst <:: M.DestProcess.}-bst;
GIl <=: GenericTab le[M . DestProcess .G-enericNane);
Null(OIJI-bst) :> First(G}-I.I-bstS);
Next(G~I.}-bstS, Oldl-bst);END;

_ _ _ _ _  _ J
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Encl-IostSpecificMess <-

I Check H for special handling requirements . If it is a sequenced or
I stream-marked message , check for prior Messes that inhibit
I transmission of H. A sequenced message must be held until all
I previous sequenced Messesto the sane destination have been
I aclciowledged . A stream—marked Mess must wait for all prior Messes
I to the sane destination to complete .

• ‘1
EXPR(M :Me ssHand le , SF: ProcessHandle)
BEGIN

Postpon-eTrans-nission <:= FALSE;
FOREACH PriorM IN SP.~~tputMessQDO

PriorM.DestProcess = M.DestProcess AND
(PriorM.IsMarked OR M.IsMarked OR
M.IsSequenced AND PriorM .IsSequenced) =>

-

- 
• PostponeTransnission <— TRUE ;

END;
EnQ(SP.O~tputMessQ, H);
RostponeTransnission :>
M.State <— “Awaiting prior MESS completion” ;

SendfbstSpecificMess(M , SF);
END ;

Send FbstSpecificMess <—

1 If destination is a local process, pass a copy of M d irectly to the
! handler for received Messes.
I Otherwise, it must go out on the net~ork. Dec ide , based on current

buffer space for SF , whether to offer to hold the Mess, to warn
! that a hold will be im possible, or neither. Deliver it to the server
I for the destination host.

‘I
EXPR(M : MessHandle , SF: ProcessHandle)

BEGIN
M.DestProcess.I-bst = Localfbst =)

BEGIN
InputM <:= CopyMessHandle(M);

- EnQlnputMess(InputM , SF);
Free(InputM);

END;
M .HoldOk <— SP.Free&ifferSize GE FbldO.mreshold;
MJbMold <— SP.FreeB~fferSize LT NoFbldThreshold;
M.State <— “Awaiting MESS~J~<” ;
SendMESS(M);

END ;
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EnQReceiveMess <-
I DP is to be the destination of a message , for which it is issuing
I a Rece iveMess camnand .
I Inpu t generic Messes and ReceiveGenericMess events are queued in the~F

I appropriate GenericTable entry. Therefore define DII to be either DR
I itself, if RM is specific , or the appropriate GenericHaridle, if RM

I represents a ReceiveGeneric1~ ss.I If there are any queued inpu t Messes at DII that are complete with
I text (either accepted Messes or ones held by a local sender), take one ,
I merge it with RI, and deliver it to DR.
1 Otherwise, ermqueue RM in DHs ReceiveMessQ, and start timing on R.M,
I using the interval supplied by the user process DR.

*1
EXPR (RH : MessHandle, DP: ProcessHandle)

BEGIN
MR == MessHandle ;

BEGIN
NOT RM.IsGeneric => DP;
Seize(GenericTable[DP.Nane.GenericNane]);

- END;
BEGIN

FOREACH M AT MLocation Fr omFrontOf DP.InputMessQ
DO
NOT Null(M.Text) :>

[) MR <— M; Seize(MR); DeQAt(MLocation) ~~;END;
NOT Nu 11C’IR) :>

BEGI N
StopT iming(MR) ;
MR.S o urceprocess.lbst LocaiHost — >
Loca1XMIT(MR , DH);

MergeMessH—3ndles(R.l, MR);
Free(MR );
a’I.Disposition <— “~brmal”;
Deliver(RM , DP);
Credit~iffer(DI-I , aM);

• END ;
EnQ(DH.ReceiveMessQ, RI);
RM.State <— “Awaiting MESS”;
StartTiming(R:4);

END ;
Rl lsGeneric —> Release(DH);

j 

- END ; 

- _ _ _ _ _ _ _ _ _  _ _ _  _
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LocalXMIT <—

I M represents a local Mess transaction . H has been held in the
I source process (SF) queue . I’bw it is to be “transmitted” to the
I destination (DEl) , simulating a network XMIT followed by a MESS
I retransmission.
I Debit DII and credit SF for the text buffer space.
I ~anplete the transaction for the sender by accepting the message.

• ‘I
EXPR(M:MessHandle, DH:DestHandle)

BEGIN
SR <== SeizeProcessl-Iandle(M.SourceProcess); -
Debit&~ffer(DH , M);
Credit&~ffer (SF , M) ;
AcceptMess( H , ZR ) ;
Release(SP) ;

END;

Reque stTransmission <—

I M represents a Mess to DII that is being held by its sender,
I but is now to be retr an smitted .
I If the sender is remote , send it an ~ 4IT item. 

-

Otherwise , use Local~ lIT
;
~~,
EXPR(M:MessHandle, DH:DestHandle)

BEGIN
M.&urceProcess.Fbst = Localfbst :> Loca1XMIT(M, E*i);
Send~ IIT(M) ;
Commit&mffer(DII, M);

END ; 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ — -~~ ~-~~~~ --
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EnQlnputMess <—

I The negation of M.~ i l.t is ORed into M.MoI3old in case H is generic .
I Thus M.MoI-bld indicates refusal to hold M at the source, for whatever
I reason.
I Input Messes are distinguished as “old” (those sent in response
I to an X’IIT request) or “new”. Old Messes are recognized by their
I non—null destination I~~.
(SF represents the sender of’ H , if the send er is local.)

‘‘I
EXPR (M:MessH andle , SP:RrocessHandle)

BEGIN -

MJbibld <— M.Ibl3old OR NOT M.QWait;
NOT Null(M.DestID) => EnqJldlnputMess(M);¶ EnQNewlnput.Mess(M, SF);

END;

FnQNewlnputMess <-

• NewM is a newly received Mess .
I SF is tne sender of NewM , if local. Otherwise, SR is null.
I Define DH to be the destination process handle (if NewM is specifically
I addressed) or the appropriate generic class handle (if’ NewM is generic).
I In the latter case , if there is no process with a pending Receive—
I GenericH~ss primitive , try to start a new process of the right class.
I Enqueue NewM in DH.InputMessQ if there is room.
I Assign a local transaction ID for future reference.
I Decide whether to deliver NewM, to accept it pending a local Receive,

to ask the sender to hold it , or to rejec t it.

• ‘I
EXPR (NewM:MessHandle , SP:ProcessHandl e)

— BEGIN
DI-! <:= SeizeDestHand le(N ewM.DestProcess) ;
Null(DH)

Reject MessO~ewM ,
BEGI N

NewM.IsGeneric =>
“That generic class not supported here”;

“Destination process unknown”;
END , SF) ;

BEGIN
Null(DH .ReceiveMessQ) AND NewM.IsGeneric —>

StartGeneri 3Process(DH.Code) ;
IsFullQ(D~1.InputMessQ) :>
RejectMessU~ wM ,

“Insufficient resources to compl ete command” ,
SF);

En Q(DH . Input~~ ssQ, ~ewM ) ;
N~w~1.l~~stID <— A3si.~nTr3nsactionID(I~bwM);
AcceptFbli~~ R~je~tMess(NewM, DII , SF);

END;
R~leose( D~- l ) ;

END; 
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EnQ,~ldInputMess <—

I NewM hos been sent in response to an ~IIT.I Use NewMs destination ID to find the original MessHandle (01dM).
I If none can be found , or if 01dM is the wrong transaction , simply
I treat NawM as a new incoming Mess . (The original could have t imed out.)
I Otherwise , merge NewM into 01dM , copying the Tex t , HoldQc , and
I Pbl-bld fields, anong others.
I Let DII be the destination of 01dM.
I Dec ide how to dispose of 01dM using the sane algorithm as for
I new input Messes.

I

EXPR (NewM : Mess Handle)
BEGIN
01dM <=: SeizeThansaction(NewM.DestID);
BEGIN
Null (OldM) OR NOT IsMessHandle(OldM) OR
NOT ValidXMlTResponse ( N ewM , 01dM) =>

-
• FnQ~ewThput Me ss(NewM ) ;

StopTiming(OldM);
MergeMessHandles(OldM, ~bwM);DII <= SeizeDestHandle(OldM.DestProcess);
Remit&~ffer(DH, M);
AcceptHoldOrRejectMess(OldM, DI-!);
Release(DH);

END;
Release ( Old H)

END;

Vali’i)ClllResponse <—
EXPR(NewM:MessHandle , OldM:MessHandle; BOOL)
OldM.State “Awaiting retransmission” AND
NewM.SourceProcess OldM.SourceFrocess AND
NewM.DestProcess = OldM.DestProcess AND
NewM.SourcelD OldM.SourcelD;
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AoceptHo1d~~Rej ectMess <—

I M is an input Mess for destin3tion DII , which is either a GenericHandle
I (if’ M is generic) or a ProcessHandle (if M is specific).
I SF is the sending process, if local to this host; otherwise null.
I M has been enter ed in D9.InputMessQ.
I Possible outco4nes:
I M will be accepted and del ivered .
I H will be accepted and queued .
I The sender will be asked to buffe r H and retransmit later .
I M will be rejected.
I If the Text of H has been omitted for lack of sufficient temporary

buffe r space , then either request hold or reject.
I E).se if a matching ReceiveMess pr imitive is pending , accept and
I deliver M.
I Else if buffer space permits, accept M and leave it queue pending
I the execution of a local ReceiveMess primitive.

Otherwise , either reject M or request that the sender hold it.

;*/
EXPR (M:MessHandle , DFI:DestHandle, SF:F’rocessl-(aridle)

BEGIN
Null(M.Text) :> HoldOr RejectMess( M , DII , SF) ;
RH <== SeizeMatchingReceiveMess(M, DII);
NOT Null(RM) :>

BEGIU
StopTimin~(RM);
De~(DH.InputMessQ, Nt);
MergeMessHaridles(RM , M ) ;
P~ceptMess(M , SF);BEGIN
NOT RM.IsGeneric :> Del iver(RM , D II ) ;
DR <== Seize ProcessHandle(RM.DestFrocess) ;
Deliver(M , DP ) ;
Release(DP);

END;
Re1ease(R~I);END ; • -

NOT RoomTo Accept (M , DII) :> HoldC)-RejectMess(M, DII , SF);
~ ceptMess(M, SF);
DebitBmffer (Di-I , H ) ;
M.State <— “Awaitin g ReceiveMess” ;
StartTiming(M, A.~aitingR~ceiveInterval);END;
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Ho1d~~Reje ctMess (—

I H is an input M~ss for destination DI-!, which is either a GenericHandle
(if M is generic) or a Processi-landle (if M is specific).

I SR Is the sending process , if local to this host; otherwise null.
I M has been entered in DII. InputMessQ.
I If M requires an immediate acceptance decision , rej ect it.
I If M represents a strictly local transfer , make the decision on hold ing
! here : hold if the sender has eno~~h buffer space , otherwise abort the

transfer .
I (Note that in computing SourceM , the original output MessHandle,
I we have no need to Seize the record : the calling path will already
I hate doria so.)

Otherwise , send a MESS—HOLD to the sender of H.

EXPR(M:Mess Haridle , D(- !:DestHandle, SF: ProcessHandle)
BEGIN

M.NoI -bld =>
BEGIN
DeQ(DH.InputMessQ, H);

- 
- Rejectt4ess(M,

- “Insufficient resources to complete command” ,
H -

END;
NOT Null(SP) :>

BEGIN
NOT RoomToFbld(SP , H) :>

BEGIN
DeQ(DH. InputMessQ, M ) ;
RejectMess(M,

“Insufficient resources to complete command” ,
SF) ;

END;
SourceM <== LookupTransaction(M.SourcelD);
SourceM.State <— “Awaiting ~4IT” ;
M.State <— “Held by sender” ;
StartTiming(M, AwaitingFree~~fferInterval);

END;
M .Text <— NullText;
SendMESS\HOLD(M);
BEGIN
M.State <— “Meld by sender”;
StartTiming(M, AwaitingFreeaafferlnterval);

END;
M.State (— “Awaiting I-IOLD-Oi( ” ;
StartTiming (M, AwaitingHOLD\OKInter~ia1);END; 
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SeizeMatchingReceiveMess <—

I M is an incoming Mess for DII.
I If DH has a pend ing Receive that will match M ,
I seize , dequeue , and return it.
I Else, return nil.

*1
EXPR (M:MessHan dle , DI-J :DestHandle; MessHandle)

BEGIN
Null (DH . Receivel4essQ) => NullMessHandle;
RM <:= Front(DH.ReceiveMess~);Seize(RM) ;
DeQ(DH. ReceiveMess~);
RM;

END;

SeizeDestHandle <—

I Return a suitable destination handle for the given process nane P.
I If P is a generic nane , and its class is supported on the local host,
I return the corresponding generic handle.
I If P is a valid specific process , return its handle.
I Otherwi se , return a null handle.

‘‘I
EXP R ( P:  Process Name ; DestHandle)

BEGIN
NOT Null(P.Instariee) => SeizeProcessHandle(P);
DII <== Seize(GenericTable[P.GenericNa!ne]);
NOT DH.Unsupported :> DII;
Release (DII);
NullDestHandle;

END;

MergeMessHandles <—

I H represents a newly received Mess.
I RI is either a ReceiveMess record or the result of an earlier
I transmission of’ H .
I Copy the Text of H into RH, as well as other fields which might
I be different on retransmission .

*1
EXPR (WI :MessHandle , H :MessHaridle)

BEGIN
R~1.~bRo1d <— M.NoI-bld;

— R.M .Hold Ok <- M .HoldOk;
RM.SourceProcess <- M.SourceProcess ;
RM .TextLen~ th <- M.TextLength ;
WI.Text < -  H.Text.;

END ;
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Acceptl4ess <—

I If’ SF is non—null, then M represents an intrahost Mess and SR is
I the source process. In that case , simulate a MESS-O K acknowled gement

- ! I of H for SR. (It is unnecessary to seize the original
I MessHandle. The calling path has it locked.)
I Otherwise, send a MESS-OK to the remote source of M.

‘‘I
EXPR ( >1:MessHandle , SP:ProcessHandle)

BEGIN
Null (SF) > ~-.~ndMESS\O~((M);
Accept~~tputVess(LookupTransaction(M.SourceID), SF);END ; -

Reject?~’ess <—

I If SF is non—null , then M represents an intrahost Mess and SF is
I- - 

I the source process. In that case, simulate a ~iESS—R~J acknowl edgement
1 of H for SF. (It is unnecessary to seize the original
I t’essHandle. The calling path has it locked.)
I Otherwise, send a MESS—REJ to the re-note source of M.
I

*1
EXFR (M:MessHandle , Reason:Reasoncode, SP:ProcessHan dle)

BEGIN
Null(SP) => SendMESS\REJ(M, Reason);
RejectoitpucMes s(LookupTr ansact ion(M. SourcelD) , Reason ,

SF) ;
END;

CancelMess <—

I M is an outgoing Mess fr an SF that is await ing >~1IT, but must be
-- I canceled for lack of buffer space.

— I If the destination is local, simula te recei pt of a ~iESS—CANCEL by
1 the destination. Otherwise, send a real ME SS—CAN CEL on the net~~rk .
I Then abort the SenJMess primitive of SF.

; ,/
EXPR (M:MessHandle , SF: ProcessHaridle)

BEGIN
M.Reason <— “Insufficient resources to complete command” ;
BEGIN

M.DIestFrocess.I-bst LocaiHast :>
RecordMESS\CA~CEL (Val ue( ~-O) ;

SendMESS\C AN CEL(M , H .Re as on ) ;
EN D;
RejectO.itputMess(M, M.Reason, SF);

END; 

~~~~-~~~~~~~ - - -~~~-- -—
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RecordMESS\OK <-

I A MESS-OK nas come in for MOK.SourceProcess. If no corresponding
I transaction can be found , simply do nothing. Otherwise, complete
I the designated pending event.
I

N,

EXPR(MOK:MessBlock)
BEGIN
01dM <=: Sei zemansaction(MOK .SourcelD) ;
Null(O1dM) OR MessMisi~atch(OldM, MOK) :>
I’ ‘Could have t imed out ’ ;

OldM.State # “Awaiting MESS—OK” :>
MSGError ( ’MES S-OK received in wrong state’);

SF <: SeizeProcessHandle(MOK.EourceProcess);
AcceptaitputMess(OldM, SF);
Release(OldM);
Release(SP) ;

END ;

RecordMESS\REJ <—

A MESS—REJ has come in for MR.SourceProcess. If no corresponding
I transaction can be fo und , simply do nothing. Otherwise , abort
I the designated pending event , giving ZIR .Reason as the error code.

I 4/

EXPR (MR:MessBlock) 
-

BEGIN
01dM <=~ SeizeTransaction (MR.~~urceID);Null(OldNt ) OR MessMi snatch(Ol iM , MR ) :>

/ 4  ‘Could have timed out’ ;
SF <= Sei zeProcessHandle(MR. SourceFrocess);

t Reject~itputMess(OldM, MR.Reason , SF);
Release(OldM);
Release(SP);

END ;
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AcceptO.itputMess <—

M , a Mess sent by SP, has been accepted at its destination .
Complete M , and tran 3nit any subsequ3nt Messes fr an SR to M.DestProcess
that may have been blocked pendin~ ac~iowled genent of M.

Scan SPs queue of output Messes fr an least recent to most recent.
Ignore Messes to other destinations.
When M is found , delete it fr om the queue , but continue to scan
for later Messes, (~1, which are waitin~ to be sent.
If QM is found , and is marked , terminate the search , and send it if
removal of M has unblocked it. Any later Messes remain blocked by ~t.
If QM exists and is sequenced , its treatrnent depends on M.Handling:
If M.IsSequenced , ~4 must now be unbloc <ed. Send ~4 a~i stop scan.iin~ .
If M.IsMarked , send ~ t if it is now unblocked, but continue to scan
for newly unblocked Messes.

Otherwi se, sim ply terminate the scan : renoval of M has not unblocked
QM , and any later Messes that might have been blocked by M are
also blocked by QM.

After the scan, copy the destination process name into M in case it
was a gener ic Mess , deliver M to SP , and credit SP with the space
being freed.

EXPR(M:MessHandle, SP: Processflandle)
BEGIN

MFound <=: FALSE ;
PriorMesses <:= FALSE ;
PriorSequenced Messes <:~ FALSE ;
TerminateScan (:: FALSE ;
FOREACI-I QI AT ~ 1Location FranFrontOf SP.~~mtputMessQ

DO
Matching ProcessNanes(~~1. Dest Process , M. I~~st Process) —>

BEGIN
NOT MFound :>{ BEGIN

Q~4 I! M :> PriorMesses <— TRUE ;
MFoun d <- TRUE;
StopTiming( M ) ;
DeQAt(QMLocat ion) ;

END ;
QM.State !/ “Awaiting prior MESS compLetion” :)
PriorMesses <— TRUE ;

QM .IsMarked :>
BEGIN

NOT PriorMesses — >
SendFbstSpecific~~ss(~~1, SP) ;

Ter:ninateScan <— TRUE ;
END;

..
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Q4.IsSequenced :>
BEGIN

M.IsSequenced :>
BEGIN

Sendfb stSpecificMess(QM);
TerminateScan <— TR UE;

END;
NOT M.IsMarked :> TerminateScan <— TRUE ;
PriorSequenced Messes =>

1’ ‘QM renains blocked ’;
Send }bstSpecificMess(QM);
PriorMesses <— PriorSequencedMesses <— TRUE;

END;
ASSERT(M.IsMarked) I’ ‘ QM cant be blocked by a marked Mess

between ~4 and M or else the scan

~culd have te rm inated by now. ‘;
SerLd }bstSpeciftcMess(QM , SP) ;
PriorMesses <— TRUE;

END;
Terrn inat eScan :>
1, ‘Later blocked .~nesses renain blocked ’ ;

END;
M.Disposition <— “~br~nal” ;
M.E~stProcess <— Dest Process ;
Deliver (M , SF) ;
Q edit B uf f e r (S P, M) ;

END;

1
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Reje ctQitputMess <—

1 Purpose:
A Mess M fran SF has been rejected by M.DestProcess. If M was or iginally

I a generic Mess wi thout a specified destination host , try to find an
1 alternate host for it. If si~ cessful , send it out again . Otherwise ,

abort M , and either abort or transnit subsequent Messes fr an SF
I to M.DestProcess that hav e been blocked pending acknowledgement of M.

Method :
Scan SPs queue of output Messes fran least recent to most recent.
Ignore Messes to other destinations.

I When the Mess M co rrespondin g to Scurce lD is found , either (1) send it to
I a new host (if it w~s originally hostless), or (2) abort M ,
I but continue to scan for later Messes, C~I, which are blocked

pend ing completion of earlier ones.
I If s~~h a ~1 is found, treat it as follows:I If M.IsMarked , all subsequent Messes are to be aborted, so abort ~1.

Else if ~4.IsMarked , it may now be unblocked. If so, send it.I Else if both M and ~4 are sequenced , abort ~4; all sequenced MessesI subsequent to M will be aborted until the user process Resynchs.
Otherwise, M was not blocking ~M , so it remains blocked.I If M has no special handling , the scan can be terminated after the first

I such QM has been seen.
~bDeliver will be TRUE iff SF is terminating; doit deliver anything to it.

I
1/
EXPR(M:MessHandle,

Reason: ReasonCode,
SF: ProcessHaridle,
?bDeliver:BOOL)

BEGI N
MFound <=: FALSE;
PriorMesses <== FALSE ;
TerrninateScan <:: FALSE;
FOREACH ~1 AT QiLocation FranFrontOf SF. O~tputMessQ

DO
MatchingProcessNames( QM. DestProcess, ~~stProcess) —>

BEGIN
NOT ME ound =>

BEGIN
~ 4 II M :> Rrior Messes <— TRUE ;
MFound <- TRUE ;
NOT M.IsFbstLess =>
~borr.Mess(M, ~ ation , SF, Reason);

M.DestProcess.I-bst <— 3etNewG.~nericFbst (M);Null(M.r~stPr3cess.}bst) :>AbortMess(M, ~4Location , SF,
“Refused by all suitable hosts”);

SendHostSpecificMes3(M, SF) ;
TerminateScan (— TRUE ;

END;

—. - _ _ _
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(
~1.State i “Awaiting prior MESS conpletion” :>

PriorMesses <— TRUE;
M.IsMarked =>

AbortMess(~ 4 , ~4Location , SF,
“Failure of prior stream marked message”);

TerminateScan <— M.Handling = “N ornal” ;
~4.IsMarked :>

BEGIN
NOT PriorMesses — >

Send FbstSpecificMess(cTl, SF) ;
PriorMesses <— TRUE ;

END;
NOT (QM.Issequenced AND M.IsSequenced) :>

ASSERT (PriorMesses) 1* ‘M wasnt blocking ql’;
AbortMess(Q’1, ~1Location , SF ,

“Failur e of prior sequencec~ message”);
END;

TerminateScan :>
/~ ‘Later blocked messes remain blocked’;END;

END;

AbortMess <—
EXPR(M:MessHandle,

QP:QueueEntryPointer ,
SP: ProcessHandle ,
Reason : ReasonCod e ,
NoDeliver :BOOL )

BEGIN
‘
~ StopTitning(M);

De QAt (QP) ;
M.Di sposition <— Reason ;
Q edit&iffer(SP , H ) ;
M.Text (— Nul lText ;
NOT ~bDeliver —> Deliver(M , SF) ;

END;
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RecordMESS\HOLD <—

I A MESS-HOLD iten has arrived.
1 Look for the transaction , 01dM, designated . If it cant be found , send a
I MESS—CANCEL. 01dM may have timed out or been Rescinded.
I Qieck for correct transaction state .
I See whet.her there is roan to hold 01dM. If not , send MESS-CANCEL.
I If so, send HOLD\OK , unless that was implicit in the original MESS
I transnission.
I

*1
EXPR(MI-I : Mess Block)

BEGIN
01dM <== Sei zeTransaction(MH. SaUrCeI D) ;
Nul l(OldM) :>

k~swerBelated Item(MH , “M ESS—CANCEL” ,
“Destination process unknown”);

• BEGIN
IsMessHaridle(OldM) MID Null(OldM.DestID) — >

OldM.DestID <— MH.DestID;
Mess~1isnatch(0ldM, MI-I) =>

MSGError( ‘Transaction mi snatch’) ;
OldM.State 1~ “Awaiting MESS-OK” =>

MSGError(’MESS-HOLD received in wrong state ’);
SF <=: Seize ProcessHandle(OldM.ScUrCePrOceSs) ;
BEGIN

SP.Free~j fferSize GE MinMessHoldThreshold =>
BEGIN

OldM.State <— “Awaiting XMIT”;
NOT OldM .I-bl dG -> ScndHOLD\OK(OldM) ;

END;
Reject~~tput.Mess(SP, 01dM . SourcelD, 01dM. DestProcess ,

“Insufficient reso urces to complete command”);
SendMESS\CANCEL (01dM,

“Insufficient resources to complete command”);
END;
Release(SF);

END ;
Release(OldM);

END ;

_  • - - - ~~-~~~~~~~~~~~~ 
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Record HOLD\OK <—

• I A HOLD\OK item has arrived .
I If the designated transaction has timed out, invite the sender to
I retransmit (XMIT).
I Otherwise, be sure that HOLD\OK is expected.
I Let Dli denote the destination , w~eth~r generic or specific.
I If Dli now has roan for the Mess , request retransmission by sending )CVIIT.
I Otherwise, leave the transaction in the “I-Icid by sender” state, waiting

for buffer space to become available.

‘ ‘I
EXPR (HOK : MessBlock)
BEGIN

01dM <:: SeizeThansaction(HOK. DestID) ;
Null(OldM) => AnswerBelatedltem (HOK, “)CIIT”);
BEGIN

MessMi snatch(OldM , HOK ) =>
MSGError( ‘Transaction misn atch’) ;

OldM.State I! “ Awaiting HOLD-OK” =>
MSGError(’HOLD-OK in wrong state’);

StopTiming(OldM) ;
Dli <=: Seize Destliandle(OldM.DestProcess) ;
BEGIN

• • DH.Free~~fferSize GE ~‘1ITThreshold =>
BEGIN

• OldM.St ate <— “k~iaiting retransmission”;
Start liming(OldM , AwaitingRetransnissionlnterval) ;
SendXMIT(OldM);

END ;
O1dM.State <— “Held by sender”;
StartTizning(OldM , AwaitingFree&~ffer Interval) ;

END;
• Release(DH) ;

END;
Release (OldM) ;

END;
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RecordMESS\ CA NCEL <-
F I A MESS\ CANCEL item ha~ arrived.

• I If the transaction it aesignates does not exist , just ignore it.
I theck the validity of the transaction state , then delete its record from
! the appropriate InputMessQ.

‘ I,
EXPR(MC :Mes sBlock)

BEGIN
01dM <= SeizeTransaction(MC. DestID);
Null (OldM) => /* ‘Ignore belated MESS—CANCEL’;
BEGI N

MessMisnatch(OldM, MC) =>
MSGError( ‘Transaction mismatch’);

OldM.State # “Awaiting HOLD K” AND
OldM.State II “Held by sender” AND
OldM.State // “Awaiting retransmission” =>
MSGError(’MESS—CANCEL received in wrong state’);

StopT iming(OldM);
Dli <=: Seize Destliandle(OldM..DestProcess) ;
DeQ(DH .InputMessQ, Ol~M);• Free(O1dM) ;

• Release(DH);
END;
Release(OldM);

END;

_ _ _  _ _ _  •
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RecordXMIT <—

I An )C’IIT request has arrived.
1 If the designated transaction has tim ed out, MESS—CANCEL will already
I have been sent, so ignore the XM IT.
I Otherwise, after checking the transaction state, retransmit the held Mess.

;.,
E~~R(XM:MassBlock)
BEGIN

01dM <=: $eizeTransaction (XM. SawcelD) ;
Null(OldM) => /* ‘Ignore belated XMIT ’;
BEGI N
MessMisnatch(OldM, XM) :>
MSGError( ‘Transaction mismatch’);

OldM.State # “Awaiting ~1IT” :>
MSGError(’XMIT received in wrong state’);

OldM.State <— “Awaiting MESS-Oi(” ;
SendMESS(OldM);

END;
Release(OldM) ;

END;

An swerBelatedltem <—
EXPR ( MB :MessBlock , Ccrnmand:Protocol Code, Reason:ReasonCôde)

BEGIN
M <== Allocate(MessRandle , H) ;
M.ProtocolGommand <— Command ;
M.Reaso n <— Reason ;
Del iverTo Remoteliost( M ,

BEGIN
Command = “MESS—CANCEL” =>

M. DestProcess. Fbst;
H. ScurceProcess Host

END);
Free( M) ;

END;

MessMi snatch <—

I 01dM is an existing transaction ; NewM is a new protocol item .
I Return TRUE 1ff NewM refers to the sane transaction as 01dM .

‘‘I
EXPR (OldM:MessHandle , NewM:MessBlock; BOO!.)

OldM.SaurcelD I! NewM .Scurc elD OR OldM.De stID ~ NewM. DestI D OR
Old!4.SaurceProcess ‘fi NewM.Sour~eProcess OR
OldM .DestID 1/ NewM.DestI D ;
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Debitaiffer <—

I Cn-arge the space for M.Text to its destination D, which is either
I a specific process or a generic category .
I If D is a specific process and free space has dropped below the
I minimun desirable level , cancel held Messes until enoi~h buffe r
I space is reclaimed.

EXPR (D :Destliandle , M:Me ssHand le)
BEGIN

D.FreeBu f ferSize <— D.FreeB.2fferSize — M.TextLength ;
IsProcessliandle(D) —>

FOR EACH 01dM IN D.aitputMessQ
DO

D.Free~ ifferSize GE MinMessFbldThreshold =>
I’ ‘No need to cancel further held Messes ’;

OldM.State “Awaiting XMI T” — >
CancelMess(OldM , D) ;

END;
END;

Q edit&zffer <—

credit the space for M.Text to its destination D, which is either
I a specific process or a generic category.
I If free space now permits buffering additional Messes ,
I request transnission of any being held by their senders
I until VirtualFreeSpace drops below a desirable mini.nun .

‘I
E~~R(D: DestFlandle, M:Messliandle)
BEGIN
D.Free~ifferSize <— D .FreeB~fferSi ze + M.TextLength ;
FOREACH 01dM IN D.OutputMessQ

DO
VirtualFreeSpace(D) LT Request~~ITThresho1d ~>/~ ‘No room to request further transmissions’;
OldM.State “Held by sender ” —>

RequestTransn ission (OldM , D);
END;

END;

- •  ~~~~~~~~~~~ • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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VirtualFreeSpace <—
EX F R (D: D~stHondle ; Integer)

D. FreeB.i ffe r~~ ze — D. Committed &~fferSpace;

ConinitBuffer <—

• ! T~’y to hold some of Ds buffer spac e for a Mess M kno~m to be caning.

‘‘I
EXPR(D:Destliand le, M:Messliandle)

D. CcmnittedBufferSpace <—
D.CommittedBufferSpace + M.TextL ength ;

R~nitBuffer <—

I Inverse of Caunit&iffer .

‘I
EXPR (D:Destliandle, M:Mess llandle)

D. Conxnitted &ifferSpace <—
D.CommittedBufferSpace — M.TextLength;

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~• • .•- • —~~~- 
j
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I Send message—related protocol item s to a remote MSG instance.
I
‘ ‘I — ;

SendMESS <—
EXPR (M:Messliandle)
BEGIN

M.Pr otocolCommand <- ‘ MESS” ;
• DeliverToR~note Ibst (M , M.DestProcess.I-bst) ;

END;

SendMESS\OK <-
EXFR (M:MassHandle)

BEGIN
M.Frotocoloammand <- “MESS-OK” ;
Del iverToRenotelbst (M , M.SaurceProcess.I-bst) ;

END;

SendMESS\REJ <—
EXPR(M:Mess}-Iandle , Reason :ReasonCode)

BEGIN
M.ProtocolCoim’nand <— “MESS—REJ” ;
M.Reaso n <— Reason ;
Lel iverToRemoteHost ( M , H • SaurceProcess . Host) ;

END;

SendMESS\ CA NCEL <—
EXPR (M:Messl -Landle , Reason :ReasonCode)

BEGIN
M.Protocol Connand <— “MESS —CANCEL” ;
M.Reason <— Reason ;
DeliverToRemotel-bst(M, M.DestProce ss.I-bst) ;( END;

SendIESS\HOLD <—
EXPR (M:Mes sHan dle)

H. ProtocolCommand <— “MESS—I-~OLD” ;
Del iverToRemote(-bst (M , M.SaurceProcess.I-bst) ;

END;

Send)CIIT <—
EXPR (M: M essH ar id le)

r,~r. TMLI’S

M.ProtocolCo:mn and <— “XM IT” ;
DeliverToR cmoteI -b st(M, M.SDurceProcess.I-bst);

END;

L~~L~ ~~~~~~~~~~~~~~~~~~~~ • • ~~~~~~~~~~~ • - • ~~~~~~~~~ _
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Al arm Handling 

‘‘I— ;

~~QcAitpuc Alarm <—

I A represents an alarm sent by prOcess SF.
I If the destination process is local , make a record for the
I input and call EnQlnput. Alarm directly .

‘‘I
EXPR (A:A l ar ’nliandle , SF: FrocessHandle)

BEGIN
A.State <-  “Awaitin.~ ALA RM -OK” ;

• 

• Insert( SP.~~~tputA 1arnS, A ) ;
• StartTiming(A);

A.D estProcess .Host 1/ Locall-bst => Sen dALA RM (A ) ;
InputA <:: CopyAl arnHardle(A);
FnQlnputAlarrn(Inputl, SF) ;
Free(InputA);

END;

EnQReceiveAlar :n <—

I RA represents a ReceiveAlarn (called “Enable alarm ” in the MSG Design
I Specification) primitive issued by process DP.
If no matching ALARM item has yet arrivei , en queue RA and set its

I timer .
If ALARMs have been accepted , take the first , AR , out of’ the queue

I and merge it with RA. complete the ReceiveAlarn successfully .

‘1
• EXPR (RA :Alarinliandle , DP: Processliandle)

BEGIN
Null (DP.InputAlarmQ ) :>

• BEGIN
• EnQ(DP. ReceiveAl armQ) ;

RA.State <— “ Awaiting ALARM” ;
Start Tirn ing(RA) ;

END;
AR (:: Front (DP.InputAl armQ) ;
Sei ze (AR ) ;
Stop Timing (AR ) ;

• De Q(DP. InputAl arrn Q , A R ) ;
Merg eAlar.n liandl es(RA , A R ) ;
Free (AR ) ;

• Deliv er (RA , DP ) ;
END;

_ _ _ _ _ _ _ _ _  
_ _  _ _ _ _ _ _ _  j
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• EnQlnputAlarm <—

I A represents an input ALA RM i tem .
I SR represents the source process , if local. Otherwise , it is null.
I Reject A if its destination process , DP , cannot be found or if it is
I not accepting alarms .
I If DR has issued a ReceiveAlarm , RA , that is pend ing , then accept A
I and merge it with RA to complete the Receive.
I If there is no pend ing Receive , but DP5 inpu t alarm queue h~s room ,
I accept A and que ue it.
I Otherwise , reject A because of the full inpu t queue .

I,

EXPR (A: Al armHandle , SF: Processliandle)
BEGIN

DR <:= SeizeProcessHandle(A.DestProcess) ;
Nu ll(DP ) =>

RejectAlarm( A , “Destination process unknown” , SF) ;
BEGIN• NOT DR . lAccept =>

RejectAlarm (A , “Process not accepting alarms now” ,
• SF) ;

Nu ll(DP .ReceiveAlarLt~~) z>
BEGIN

• IsFullQ(DF. InputAlarmQ) =>
RejectAlarm( A , “Al arm queue for process is full” ,

SF) ;
• AcceptAlarm(A, SF);

A.State <— “Awaiting ReceiveAl arm ” ;
EnQ(DP. InputAlarmQ, A ) ;
StartTiming(A , Awaitin~ ReceiveInt erval) ;

END;
AcceptAlarm(A, SF);
RA <== Front(DP.ReceiveAlar~TQ);
SeizeCRA );
Stopliming(RA) ;
DeQ(DP.R eceiveAlarrnQ , RA ) ;

• MergeAl arrnFlan dles(RA , A ) ;
Del iver (RA , DP ) ;

END ;
Release(DP);

END ;
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MergeAlartn Uandles <—

I RA represents a ReceiveAlarm pr imitive into which the information
in A , an input alarm , must be merged , so that RA can be del ivered .

‘ ‘I
EX P R (RA :Alar :nHandle , A:AlarmHandle)

BEGIN
• RA .Alarn <— A .Alar m ;

RA.SeurceProcess <— A.SeurceProcess;
RA.Disposition (— “N ormal”;

END;

Record ALAR.’l\OK <—

I AOK represents an ALARM-OK item .
I Find and complete the correspo nd ing &endAlarrn event .

• *1
EXFR (AOK:Alarm Block)

BEGIN
• A <=: SeizeTransaction(AOK. SourcelD);

• Null(A) OR NOT IsAlarmFLaridle(A) OR
A.DestProcess I~ AOK.Destprocess :>1* ‘Send Alarrn may have t imed out ’ ;• SF <== SeizeprocessHandle(A.SourceProcess) ;

Rsnove(SP.OitputAlarrn S, A ) ;
A.Di sposition <— “Nor:nal” ;
Del iver(A , SF);
Release(SP);
REL (A ) ;

END;

RecordAUR~1\REJ <—

I AR represents an ALAR ’1—R~J it~ n .
I Find and abort the corresponding SendAl arm ev ent .

~~*1EXP R(AR:Al arnBl ock)
BEGIN

A <:: Sei zeTran sact ion(AR. SourcelD) ;
Nu l l (A )  OR 14~Jr Is Alarm Hand le (A ) OR

A.Dest~~ocass // AR.DestProcess :>
/~ ‘SendAlar :n may nave timed out ’ ;

• SF <= : SeizeProcessHandle(A .SeurceProcess) ;
Rie:nove(SP.O.~tputAlar:nS , A ) ;
A.Disposition <— AR. Reason ;
Deliver (A , SF) ;
Release(SP) ;
Release ( A ) ;

END;
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• AcceptAl arm <—

I A represents an input Alarm to be accepted .
• I SF is the source process , if local; otherwise it is null.

I If the sender is remote, send an ALARM -OK.
I If local, find and complete the original Send Ala rm event.
I It is unnecessary to seize SeurceA: the calling path
I has it already.

• 
; l I,

• EXPR(A:Al ar :nHandle , SF: ProcessUandle)
BEGIN

Null(SP) :) SendALA R>I \O K (A ) ;
S~urceA <= : 1.~okupTransaction (A. SeurcelD);DeQ(SP.QitputAlarnS , SourceA);
SDurceA.Disposition <— “Normal”;
Del iver(So urceA , SF);

-
• END;

Rej ectAlarm <—
• ! A represents an inpu t Alarm to be rejected for the Reason given.

I SF is the source process , if local ; otherwise it is null .
I If the sender is remote , send an ALARM—REJ.
If local , find and abort the original Send Alarn event.

I It is unnecessary to seize Se~rceA: the calling path
I has it already .

‘I
E~~R (A:AlarmHandle , SF: ProcessHand le)

BEGIN
Null ( SP) :> SendALA RM\ RE J( A , Reason) ;
~ourceA <=: LookupTransaction (A. SeurcelD);
DeQ(SP.O~tputA1ar.’riS, SourceA);
SourceA.Disposition <— Reason ;
Del iver(So urceA , 5?);

END;

_ _ _ _ _  _ _
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• I Thansnit alarm—related protocol items to a remote 115G.

•1 — ;

SendALARM <—
• EXPR(A:AlarinHandle)

BEGIN
A.ProtocolCommarid (— “ ALA RM” ;
Deliver ToRemote}bst(A, A. DestProcess. Host ) ;

• END;

SendALARM\OK <—
EXP R(A: AlarmHandle)

BEGIN
A.ProtocolCommand <— “ ALA RM-OK” ;
De].iverToR~note}bst(A , A.DestProcess.Ibst) ;

END;

SendALARM\REJ <—
EXPRCA:A larmHand le , Reason :ReasonCode)
- BEGIN

A.Protocolcommand <— “ALA RM— REJ” ;
A. Reason <— Reason ;
~~1iverTo Rarnotefbst(A , A. L~stProeess.I-bst);

END;



—
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Handle Direct Connections 

‘ ‘ / —;

a~Qaitput0penConn <—

• I Process SF has issued an OpenConn , represented by c jtC.
I OitC.ConnBytesize and ~~tC.ConnType have been val idated .
Scan its connection set for one with the sane ConnID as O~tC,

I and reject O.~tC if another one exists.
If no request for a connection with nane OjtC.connlD has yet been received ,

I then transnit a CONN—OPEN to the remote process (or simulate same if
I that process is local), and put ~ itC in the set of outgoing connection
I requests for SR.
I If there is a corresponding incoming request, call it InC. If the remote
I process names of InC and OitC do not matc h , then reject ().itC.
I theck that InC and O~tC have agreeable types and byte sizes. If not,
I abor t the local pending open , which will cause CO~~-CLOSE to be sent
I to the remote process.
I If the connection types agree , compl ete the Openconn pr imitive
I successfully , merge the input Corin Flandle into ~~tC, d iscard InC , and

enter the merged connHandle in SPs set of open connections.

‘I
EXPR (~ .itC:ConnHandle, SP:FrocessHa ndle)

BEGIN
InC ConnHandle ;
FOREACH C IN SF. OonnectionS

DO C.ConnI D = InC .ConnID :> InC <— C END ;
NOT (Nu l l ( In C)  OR InC.State “Awaiting OpenConn”) =>

BEGIN
~~tC.Disposition <—

• “Already have connection of that ID” ;
Del iver (OutC , SF) ;

END;
Null(InC) :>

BEGIN
Insert(SP.Co rinactionS, O~tC) ;
~ itC.State <— “Awaiting CONN -O PEN” ;

• Send c~ enConn(OutC, SF) ;
END ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~j tC . DestProcess II InC. ScurceProcess :>
BEGIN

• ~itC.Di sposition <—
• • “ Connection not to process naned” ;
• Deliver(OutC , SF);

END;
StopTiming(InC) ;

• Ranove(SP.ConnectionS, InC) ;
• BEGIN

CompatibleConnTypes(InC, ~itC , aitC.Disposition) =>
• BEGIN

~ergeConnHandles(cA~tC , In C) ;
Insert(SP.CorinectionS, OitC) ;
QitC.State <— “Connection open ” ;
~~tC.Disposit ion (— “Normal ” ;
Send OpenConn(~1~tC , SF) ;

END;
DR := ProcessHandle;

~.itC.DestProcess.Host = LocalFbst — >
• DR <— eizeProcessELandle(3.~tC.DestProcess);RejectConn(OutC, Q~tC.Disposition , DP);

Release(DP) ;
• 

• END;
Deliver(~~tC, SF);
Free(InC) ;

END ;

MergeconnHandles <—

I OitC and InC are matching connection open requests. O~tC will
I become the permanent record of the connection , so merge info

• I from InC into it .

*1
EXPR(~ itC: connHandle, InC: connHandle)

BEGIN
~itC.DestID <— InC.ScurcelD;

• OitC.RemoteSocket <— InC.Remote~~cket;
END;
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EnQlnputOpenCon.i <—

• I InC represents an incoming request to open a connection .
I SR is non-null if the request is fr om a local process , in which case
I it is the handle for that process .
I Assune that InC.ConnBytesi ze and InC.ConnType are legal.
I Look for destination process. If found , call it DR. If not,

• I reject the connection request.
• ! Look for a pending ~~enConn by DR with same connection IDI as InC. If none found, then either reject InC (if it mentions

I a particular transaction), or enqueue it to a’~rait  the local open .
I If a pend ing output request is found call it OitC. ~-ieck that
I the remote process is the sane for InC as for O~tC and that they
1 agree on the local transaction ID if InC claims to know it.
I Having established that InC and ~~tC refe r to the same connection ,
I check that a CONN-O PE N is acceptable in its current state. If
I not , reject the open . If state is “Awaiting CONN -OPEN or
I CONN -CLOSE” , then adjust the state but otherwise ignore the open .
I Stop timing on OutC and remov e it from DP.ConnectioriS .
I theck the compatib ility of InC and (litC. If they are compatible ,
I mark O~tC complete arid deliver it to DR. If InC and ~itC dont matc h
I abort the local OpenCorm , which will cause a CON N— LOS E to be sent to the
I remote process . In either case , enter OutC in DP.Connection S, and
I discard InC. If the connection has been aborted , ~~tC sits in
I DP.conriectionS until  an answering CLOSE—CO~ 4 is received or a

tim e—out occurs .

*/
• E~~R(InC: ConnHandle , SF: ProcessHandle)

BEGIN
DR <:: Seize processl3andle(InC.DestProcess) ;
Null(DP) :>

RejectC onn (InC, “Destination process un known ” , SF) ;
~itC ConnHand le ;
BEGIN
FOREACH C IN DP.connectionS

DO C.Co rinlD = InC.ConrilD => OutC <— C END;
Null(aitC) =>
BEGIN

NOT Nu ll(Iri C.DestID) :>
Rejectconn( InC ,

“Referenced connection transaction does not exist” ,
SF) ;

Cardinality(DP. Gor iriectionS) GE Max Connections :>
Reje ct Coni (InC,

“Destination process connection l imi t  rca:hed” ,
SF);

InC.State <— “Awaiti ri ~ OpenCorin” ;
StartTim in~(In C , AAaitin~G~enConnInterval);
Insert(DP.Coinection3, IriC);

E N D;
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3itC.DestProcess I! InC.So urceProccss OR
NOT Null(InC.DestID) AND ~jtC.ScurceID II InC.DestID =>
RejectConn( InC ,

“Connection ID inconsistent with local connection in fo” ,
SF);

aitC.State = “Awaiting CONN-OPEN or CONN—CLOSE” :>

~itC.State <— “Matting CO~N—CLOSE”;
~~tC.State I! “Awaiting CONN PEN” =>
RejectConri (InC, “Already have connection of that ID”,

SF) ;
StopTirning(OutC) ;
MergeOonnHandles(O.itC, Inc) ;
CompatibleConnTypes (InC, OitC, WtC.Dispositiori) =>

BEGIN
~j tC.State <— “Connection open”;
~ itC.Disposition <— “Normal”;
Deliver(Out C , SF) ;

• END ;
O~tC.State <— “Mi snatc h — awaiting COWN—C LOSE” ;
SendcloseConn (O~tC, ~itC.Disposition, OF);END;

Release(DP) ;
END;

CompatibleCorinectionTypes <—

Returns TRUE iff Cl and C2 have the sane byte size and compl ementary
connection types.

Sets disposition appropriately if there is a misna tch .

‘I
• EXPR (C1:ConnHandle ,

C2: Corini-landle ,
Disposition:ReasonGode SHARED;
BOOL)

BEGI N
C1.ConnBytesize II C2. CorrnBytesize :>

• BEGIN
Disposition <— “ Connection byte si ze misnatc h” ;
FALSE ;

END ;
CASE[C 1.Co rmType , C2.Conri Type )

[“ServerTEl.NET” , “U serTELNET ” ] ,
[“UserTELNET” , “ServerTELNET”] => TRUE ;

[“Binar y” , “Binary ”) =>
CASE[C 1.ConnDirection , C2.Corm Direction)

[~ t ~~~~~~~ , ~‘ 1n3.it”] , C” In ” , t~(~j t I~) , [ ‘  ~)j t” , ~ In”) =>
• TRUE ;

TR UE :> FALSE ;
EN D;

TRUE =) FALSE ;
EN D => TRU E ;
Disposition <— “ Connection type misnat ch” ;
FALSE ;

END;
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Sendq~~nConn <—

I If OitC is ailrc3sed to a local process, then simulate
I transnission of a CONN -OPEN by copying ~XitC and calling
I the handler for input CONN—OPEN 5 .
I Otherwise , send a CONN-OPEN to the remote process.

•1
EXPR (OutC: CorinHandle, SF: ProcessHandle)

BEGIN
O~tC.DestProcess.Fbst Locall3ost =>

BEGIN
InC <=: ReverseGonnHandle(OutC) ;
EnQlnput OpenConn(InC, SF);
Free(InC);

END ;• OutC.Proto colCommand <— “ CON M —OFE N” ;
• DeliverToRemoteFbst(D.~tC, ~

jtC.DestProcess.I-bst);
END;

SendaoseConn <—

I If O~tC is addressed to a local process , then simulate
I transmission of a CONN—CLOSE by copying O~tC and call ing
I the handler for input CON~ —CLOSEs .

Otherwise , send a CONN—CLOSE to the remote process .

*1
EXFR ( OitC:ConnFlandle, Reason : ReasonCode , SF: ProcessHandle)

BEGI N
• ~~tC.Re ason <— Reason ;

~~tC.DestProcess.Nost = LocalFb st =>
• BEGIN

InC <:: ReverseconnHandle(OutC) ;
InC.Reaso n <— cxitC.Reason ;
EnQInpu~CloseCorin( IriC, SF);
Free(InC);

• END;
OitC. Protocol Command <— “CONN -CLOSE” ;
DeliverToR~ noteHost(Ou:C , O~tC . DestProcess .Fbst) ;

END;

ReverseconnHaridle <—

Rroduee a copy of C with Seurce and De st inat ion reier sed , so that
I a reply to C can be sent.

I,

EXPR (C: Co nn Hani l e ;  ConnUanile)
BEGIN

InC <:= Copycon.iHaidleCJutC) ;
InC.SourceiD (— •)~tC . E~est ID;
InC .~ ourceProcess <— OutC.DestProcess ;
InC.De st iJ (— ~JtC. 3Durc eID;
InC. DestFroccss (— OutC. SourceProcess;
InC ;

END;
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En~~utputCloseConn <—

I NewC represents either a Closeconn primitive or an Openconn for which
I an error has occurred trying to establish the connection.
I Either way, it is known that an Op2nConn has been performed wi th identifier
I NewC.ConnID. Call the original ConnHandle OldC (which will be identical
I to NewC if this call results from an error).

check that the destination process is consistent with the original open.
I Substitute NewC for OldC in the TransactioriTable entry
I corresponding to this transaction. A single transaction ID will
I be used for both primitives.
Take action depending on OliC.State.

‘‘I
E~~R (NewC : ConnHaridle , SF: processHandle)

BEGIN
OldC <==

BEGIN
NewC .cp ‘/ “CloseConnection” => NewC;

• SeizeTrarisaction(NewC.SourcelD);
END;

FOREAC H C IN SF. ConnectionS
DO

~~wC.Conn ID C.ConnID =>
[) OldC <— C; OldC # NewC —> Seize(OldC)

END;
BEGIN

OldC.Dest Process II NewC.DestProcess =>
BEGIN

NewC .Disposition (—
“Connection not to process naned”;

Del iver (N ewC, SF) ;
END;

~~placeThansactionHandle(OldC.SourceID, NewC);
CASE[OldC. State]

• [“Awaiting COUN~~PEN”] :>

I User process issued Close be fore completion
• ! of men. Abort the ~~cnConn , send CONN—CLOSE,

I wait for possible CONN~JPE N , than CO~N—CLOS E ,
1 and abort the closeconri after this exchange.

*1
BEGIN

StopTiming(OldC) ;
OldC.Di sposition <— “Superseded by close” ;
Renove(SF.Conriection S , OldC) ;
Del iver (OldC , SF) ;
Release(OldC) ;
NewC.State <—
“Awaiting CO~JN-OPEN or CO~N—CLOSE”;Ne~iC.Disposition <— “Cj ine~ tiori not yet ope n ” ;

Insert(SP.Conri~ctionS, N~ .C) ;
StartTirnin~(N~wC );SeniCloseconri (NewC, “~~ en superseded by close” ,

SF) ;
END;
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(“Connection open”) =>

I Could be a normal Close or error during connection attempt .
I Replace OldC by NewC in the connection set. (Lb this before
I freeing O1dC, in case OldC = Ne wC! ) .
I Send CONN-CLOSE and wait for acknowl edgement .
NewC.Disposition indicates error , if any.

t *1
BEGIN

• Remove(SP.CorinectionS, OldC);
MergeOpen lnto Close(NowC , OldC) ;
Insert(SP.ConnectionS , N ewC) ;
Free(OldC) ;
NewC.St.ate <— “Awaiting CONN—CLOSE” ;
StartTi.-ning(NewC , AwaitingCONN\CLOSE Interval);
SeniClose Conn(N ewC , NewC.Disposition , SF);

END;
( “Mi smatch — awaiting CONN—CLOSE”] =>

I An OpenCorin is pend ing . Abort it i’mnediately.
1 CONN-CLOSE has already been sent. Await the reply ,
I then abort the Closeconn.

BEGIN
StopTiming(OldC) ;
Remov e(SP.Corin ectionS , OldO) ;
Merge CpenlntoClo se(NewC, OldC) ;
Deliver(OldC , SF);
NewC.State <— “Awaitin g CONN—CL OSE” ;
~ewC.Disposition <— “Connection not yet ope n ” ;
Insert (SP.ConnectionS , NewC) ;
Star tT irriing (NewC ) ;

END;
(“Awaiting CloseConn”) :>

• I Could be normal Close or error dur ing attempt to connect.
I NewC.Dispositiori indicates ‘~iich
I (Freeing of OldC must follow delivery of NewC in case the
I t~~ are identical!)

‘I
BEGIN

StopTiming(OliC) ;
Ranove(SP.GonnectionS , OldC);
Del iver(New C , SF);
Fre e(OldC) ;

END ;
t ”A w~it ing Cc~ 4N— CL O SE” 1,

(“Aw ait i r i~ CO~~~~ F~~ or CCNN—C LC ~ E ” ]  :>
BEGIN

NewC.Disposit lon <— “R ~dund an t  close” ;
Deiiver(~~wC , SF);

END;
END;

END;
OldC U NewC —> Release(OldC);
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Merge~~enIntoClose <—

I CloseC is about to replace ~~enC in a set of ~onriectionS.
I Copy the necessary connection information Iran OpenC to CloseC.

EXPR (CloseC: ConnHand le , OpenC: ConnHand le)
BEGIN
CloseC.DestID <— OpenC.DestID;
CloseC. Connection <— OpenC . Connection;
CloseC. LocalSucket <— OpenC. Local Suckat;
CloseC.RemoteSucket <— OpenC.RenoteSocket ;

END;

RejectConn <—

I InC is an incom ing ConnOpen or ConnClose request , which must
I be rejected.

• I SF is the source process , if local , otherwise null.  In the local case ,
it is not necessary to sei ze the source transaction because

I the calling path alread y has it.

1,,
EXPR (InC: ConnHandle , Reason : Reason~ode , SF: FrocessHandle)

BEGIN
Nu ll (SP) :> SendCOUN\REJ(Reverse GonnHandle( Inc ) , Reason) ;
Rejec ta~tputConn(Lookup Transact ion(InC.Suurc eID), Reason ,

SF) ;
END;

Reject O~tputconn <—

I OitC is an output OpenConn or Closeconn fr om process SF.
! It is to be rejected for the Reason given .
I Be sure O~tC is in the proper state to receive a rej ection .
I If so , abort O~tC , passing along the reason for reject ion unless

Q.~tC holds a prior error code , wriich ta~<es precedence .

‘ *1
EXFR(~~tC:ConnHandle, Reason:Reasoncode , SP:ProcessHa ndle)

BEGIN
OldC.State = “Connection open” OR

OldC.State = “A~iai t in ,~ anCo rìn ” OR
OldC.St~te “Awaiting closeccn ri ” :>
M SGError ( ’Connection rejection in ~~ong state ’) ;

StopTi.ming (OldC);
IsNornal (OldC. Dizposition) —> O ldC . Disposition (— Reason ;
Ranove(SP.Connection s , Old ) ;
Dei iver (OldC , SF) ;

END;
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EnQlnputCloseGonn (—

I NewC represents an incoming connection close request.
I If SF is non—null , then the connection is intrahdst, and SF represents
I the source of this Close.
I Look for a connection record that either represents a previous input

CONN.-OPEN (State = “Awaiting OpenConn”) , or the local responsc to such
I an input.
I If no destination or no matc hing connec tion can be foun d , reject the
I Close unless the reason accompanying it is “ACKing your close”. Such
I a belated Close could result fr om timeouts.

Otherwise , take action appropriate to the state of the connection found.

EXPR (NewC:ConnHaridle , SF: ProcessHandle)
BEGIN

DP <== SeizeProcessHandle(NewC.DestProcess);
Null(DF) :>

NewC . Reason I! “ACKing your close” — >
Reje ctGona (NewC , “Destination process unknown” , SF);

BEGIN
OldC == ConnHandle;

• FOREP~CH C IN DF.ConnectionS
DO
MatchingConri(C, ~ewC) :>

[) OldC (— C; Seize( OldC)
END;

Null(OldC) =)
NewC.Reason ~L “ACKing your close” —>

Rej ectCor in (N ewC , “Lhknown connection”, SF);
CASE[O1dC. State]

[“Awaiting OpenConn ”] =>

• ! Sender is withdrawing a previous CONN -OPEN.
Acknowl edge and discard transaction .

‘I
BEGI U
StopTiming(OldC);
Remove(DP.GonnectionS , OldC);
Send CloseConn( ReverseConni -landle(OldC),

“ACKing your close”, DP);
END ;

[“~~nnection open”] =>

Sender is initiating a connection close exchange .
Wait for local process to respo id .

N,

BEGI N
O 1JC. State <— “A~.,aitin~ Clos~ Cy~i” ;
StartTining (OldC , AwaitingClosecorinlnterval);

END;
[“Awoit in ~ CloseOonn”] =>

Reje ct Con i (Ne wC, “ Red tzidant close” , SF) ;
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[“Awaitin ~ CONU-O PEN” ] =>
MSGError ( ‘Improper response to CONN -OPE N ’) ;

(“Aw3iting CONN—CLOSE” J ,
(“Mi smatch — awaiting CONU -CLOSE”) ,
[“Aw aiting COWN -.OPEN or COUN—CLOSE”] :>
BEGIN
StopTirning (OldC);
Reuove(DP. ConnectionS, OldC) ;
Deliver(O 1dC , DP ) ;

END;
END;
Release(OldC) ;

END;
Release(DF) ;

END;

Matching Corin <—
EXPR (OldC: ConnH andl e , NewC:connHandle; BOOL )

• BEGIN
• OldC. State “k~,aiting CpenConn” :>

OldC.SourceProcess NewC.Sourceprocess AND
OldC.Sourc~ ID NewC.Source lD;

• • OldC.DestProcess = N~ewC.SuurceProcess AND
OldC.DestID NewC.SourcelD AND
( Nu ll(New C.De stID ) OR OldC.SourcelD = NewC.De stID) ;

END ;

RecordCONN\REJ <—

CR is an incoming CONN—REJ item .
If the designated transaction cannot be fo und , ignore CR.
Otherwise , abort and del iver the original OpenCorin or closeConn.

4/

• { E~~R (CR:connBlock)BEGIN
OldC <=: SeizeTransact ion(CR.DestID) ;
BEGIN

Null (OldC) OR NOT IsConnHanile(OldC) OR
OldC.SourceProcess I! CR.De stProcess OR
OldC.Destprocess ~ CR.Suurceprocess =>
/4 ‘Transaction could have timed out’;

SF <= : Se izeProcessH~ndle (OldC.SourceProcess);Reject~ itputOonn (OldC, CR.Reason , SF);
Release( SP) ;

EN D ;
Release(OldC) ;

• END;

Li •~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • ~~~~~ •~~~~~~~~~•~~~~~~~~~~ • • • • • • • • • •  ~ • • • ~~~~~~~ •• • • • • • • • •~~~~ •~~.
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Util i ty ~butines 

DeliverToRenotefbst <—

I T represents a transaction for which a protocol item must be sent
I out to host H.

4/
EXPR(T:ThansactionHandle , H:}-bstCode)

BEGIN
RH <== Sei zefbstHandle(T.DestProcess.fbst) ;
Deliver(T, RH);
Release(RH) ;

END;

Deliver <—

I U is either a local process or a remote host .
T is a transaction wi th output read y for U.
Let SH be the delivery server for U.

I If T is an alarm , give it special priority.
I If SH is asleep, SIGNAL to wake it up, and set a fl ag to avoid

redundant SIGNALs by other paths.

4/
EXPR(T:Transaction Handle , U: UserHandle)

BEGIN
DECL SH:ServerHandle LIKE Seize(U.Del iveryServer) ;
NonAlarns~jeued <:: FALSE;
FOREACH QT AT QTLocation FromFrontOf SH.DeliveryQ

DO
NOT IsAl arm Handle(QT ) :>

BEGIN
~bnAl armsQueued <— TRUE ;
EnQAt(QTLocat ion , T) ;

END;
END;

NOT NonAlarins~~eued —> En~ (SH.Del iveryQ , T) ;
IsProce ssHmdle(U) —) T.State (— “Delivered” ;
NOT SH .R unn ing  — >

() SIGNAL(SH.~iakeUpSignal); SH.Running <— TRUE 0;
Release(SH);

END;

_______________________________ 
• •~~- ••~~~- A
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Ma tchin3ProcessNa’nes <—

I Return TRUE iff the specific process nane Name is compatible
I with GNa’ne, which may or may not be generic.

4/
EXPR (GUame: ProcessNa’ne, Name: ProcessNarne; BOOL)

GName.I-bst Nane.Fbst AND
• GNarne .Incarnat ion Narn e .Incarnat ion AND

GN~ne .GenericNan e Nane.GenericN a’ne AND
(Nu ll (GName .Instance) OR GNarne. Instance = Na.’ne.Instance) ;

EncodeGeneric Name <—

I Translate generic nane strings into generic codes.
• ! Return FALSE if f the given string is not a valia name.

, * /
EXPR (Class :Union (Str ing Ptr , GenericClasscode) SHARED ; BOOL)

BEGIN
NOT IsStringPtr(Class) :> FALSE ;
Found <:: FALSE ;
FOREACH Gil IN GenericTable

DO
Value(GH.Class) = Value( Class) =>

[) Found <- TRUE ; Cl ass <— SH.Code Cl;
END;

Found ;
END ;

Decod eGenericClass <—

Thanslate a generic class code into the corresponding string.

I
EXPR ( Class:L’nion(StringPt r , Gener ic classcode) SHARED )

BEGIN
IsStringFtr(Class) => /* ‘Already decoded ’ ;
Class <— GenericTable[Class] .Class;

END ;
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I Thansaction Table Access

I ThansactionTable maps TransactionlDs into TransactionHandles.
1 c~e possible method of encoding table ind ices as part of transaction
1 identifiers is described in the MSG Design Specification.

I ThansactioriTable entries are allocated by AssignTransactionlD and
I freed by Free .

1/ — ;

LookupTransaction (-.
EXPR (ID ;TransactionlD ; Thansactionilandle) TransactionTable[IDI ;

SeizeTransaction <—
EXFR(ID:Tran sact ionlD ; Thansactionl-landle)
Seize(LookupTransaction( ID));

• ReplaceThansactionHan dle <—
EXPR (ID: Transaction ID , Til : Thansactionilandle)

• LookupTransaction(ID) <— Ti-I ;

1 Frocess Table Access

I ProcessTable maps local process instance identifiers to FrocessHandles
I A method of encoding table indices in instance nunoers which results in

infrequent reuse of instance identifiers is described in the MSG Design
Specification.

‘~~~ / — ;

LookupProcessilandle <—
EXPR (P: ProcessName ; ProcessHandle) ProcessTable[P. Instancej ;

Set zeProcessHandle <—
EXPR (P:  FrocessNane ; ProcessHandle)
Seize(LookupProcessilandle(P));

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Cancelling Transactions

There are four ways a transaction event may terminate abnormally:
1 . Rescind
I . StopMe
I . h~st death

timeout
I These possibilities are considered in the table which follows. It contains
tal l  possible transaction states and the action to be taken for each state.
I Table entries hav e the form :
I state name
I conditions precedent to this state
I remote action taken .~~en entering this state
I local action taken when cancelling

remote action taken when cancelling
( parenthetical remarks indicate later independent responses)

possibility of Rescind
I T and P are the transaction at issue and its own ing process. The S and D
!prefixes indicate source and destination respectively. R is the delivery
!queue of the network server. TinR is true when T is in R.’;

MeSS Oitput

I Awaiting MESS-OK
O~tputMess Awaiting ~ IIT & ~4IT receivedI send MESS
() StopMe => DeQ(SP.~~tputMessQ, SI); RejectD~tputMess(SP) (]TinR — > C) Old => set MESS—CANC EL ; De Q(R , SI) C ]

I Obt TinR : MESS -HOLD received —— send MESS—CANCEL)
I TinR —> resc issib le
1 Awaiting ~1IT (remote)Awaiting MESS-O K & MESS—ilOLD~received

• 1 send HOLD. K
[) StopMe :> DeQ(SP.O.~tputMess~ , ST) ; RejectO~tput~~ ss(SP) Cl
C )  TinR :> set ; send (]  ~4ES S—CANCEL

I rescissible
I Awaiting )C~1IT ( local)
I ~~tputMess

C) Stop~1e :> De~ (SP.Oj tput ~4ass~ , ST); Reje ct~~tput~4~ss(SP) ( 1;
DeQ(DP. Thpur.MessQ, DT)

r~scissible
Awaiting pr ior MESS con pletion

O~tpu~Mess & (sequence ; stream—mark ) block

1) StopMe => De~ (SP.~~itput ~~ssQ, 31); Reje ct~~ tput~4~ss(SP) ( ]

rescissible’;
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Mess Inpu t

• I Await in~ HOLD-OK
MESS received & no buffer space
send MESS-HOLD

I DeQ(DP. InputMossQ, DT)
TinR — > set MESS—REJ

( Pbt TthR : HOLD-OK received —— send MESS—REJ)

I Held by sender (remote)
Awaiting HOLD-OK & HOLD-OK received

DeQ(DP . In putMossQ, UI’)
I send MESS—REJ

I Held by sender (local)
• local mess received & no dest buffer space !~ source buffer space

Rej ectOitputMess(SP) ; DeQ(DP.In putMossQ, DT)

I Awaiting retran snission
Held by renote sender & buffer space
send XMIT
DeQ(DP.InputMo ssQ, IYr ) ; Re’nitBi ffer(DP , DT)

• I TinR —> se~ MESS—REJ

I Awaiting ReceiveMess
• I local mess received Held by local sender & buffer space

MESS received & buffer space
I remote — , send MESS-OK

DaQ(DF .InputMess Q, DT ) ; Credit~~ffer(DP , UI ’)

Receive Moss

I Awaiting MESS
I ReceiveMess

I De~ (DP . ReceiveMessQ , UI’)

rescissible’;

ii

~~~~~~~~~~~~~~ _•~~~~~ •~~~~~_~~~~~~~~~~~~ •
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Alarm ~itput

I Awaitin~ 1LA RM— OK
I O.itputAlarm

• I send ALA RM
• I Remove(SP.~~tputAlarmS, ST)I TinR —> DeQ(R , ST)

• I TinR —> rescissible ’;

Alarm Input

I Awaiting ReceiveAl.arm
ALARM received

I send ALARM-OK
I~ Q(DP.Al ar .nThputQ, DT)

Alarm Receive

Awaiting ALARM
• I ReceiveAlarm

DeQ(DP . ReceiveAi arTnQ, DI)

rescissible’;

Conn ~~en

I Awaiting CONN-O PEN
Open Conn

I send COWl-OPEN
I Remove(P.ccnnectioiS, T);

C) TinR :> DeQ(R , T) ;  send COUN—CL OSE (1
I TinR — > rescissible
I Awaiting ~~enGonnCONN PEN received

Remove(P.ConnectionS, I)
send CONN —REJ

I Connection open
Openconn & COWl -OPEN received

Renove (P.Connection S, T)
I. send CO~lU— C LOSE

StopMe only ’;
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Conn Close
• I

I Awaiting COW~—CLO3EcloseCorm
send CO~IN—CLOSE1) (rescind & TinR & viable connection) :> set Connection open ;

I Remove(P.ConnectionS , T) ( 1
(rescind & TinR ) —> DeQ(R, T)

I (viable connection & TinR) — > rescissible
I Awaiting closeConn

cONN —C LOSE received

Remove(P.ConnectionS, T); (timeout — > activate ConnBroken signal)
I send CO~lN-CLOSE

I Awaiting CONN -OPEN or CONN—CLOSE
• I Awaiting CON~l-O PEN & Close Coni

send CONN-CLOSE
I Remove(P .connect ionS, T)

I Misnatc h —— awaiting C0’IN-CLOSE
• I CONN-O PEN mismatc h

• I send CON~4-CLOSE
Remove(P.ConnectionS, T)

! the Delivered state —— Awaiting user network delivery
I lb action ’ ;

• l lbtes
I rescind
I if not rescissible , do nothing
I stop timing

• I local and ranote cleanup
direct delivery

I StopMe
stop timing
local and remote cleanup

I no delivery
I deadhost
I stop timing

local cleanup
delivery v ia server

I t imeout
local and remote cleanup
delivery via  server ’ ; L

LI • • •~~~~~~~~~~~~~~ •~~~ ~~~~~~~ _ _ _  

_
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• RescindPendingEvent <.-

ResciniP~ndingEvent encodes the part of the above table
having to do specifically with rescission. First a test is
done to deternine if the event is in a rescissible state.
If it is then both network and local action are taken.
Delivery is done by the calling routine. cancelling message
transactions where both sender and receiver are local is
handled specially.

;~~,
EXPR (E: Transaction Handle, Es Process: DestHandle ; ReasonCode)
BEGIN
DECL Rescissible:BOOL;

• Rescissible <—
CASE CE. State]

(“Awaiting XMIT”] ,
(“Awaiting prior MESS canpietion ”],
[“Awaiting MESS”],
(“Awaiting ALARM ” I :> TRUE ;

[“Awaiting MESS—OK ”] ,• (“Awaiting ALARI-0 (”J ,
(“Awaiting CO~llI —O PEN” ] :>
HasPendingProtocol~~itput(E);(“Awa iting CONU—CLOS~”] :>
HasPand i ng Protocol 2itput CE) AND

NOT Nu ll(E.Corine ction) ;
TR UE ~> FALSE ;

END;
NOT Rescissible => “Unable to Rescind”;
StopTiming(E) ;
IsL~calThansact ion(E) :>

BEGI N
• RescindLocalEvent(E, EsProcess);

“Event rescinded”;
END ;

E.State = “Awaiting CO~N—C LOSE” :>
BEGIN

StopPr otocolQit put( E ) ;
E.State <— “Connection open ” ;
“Event rescinded ” ;

END;
Retnote~ancel(E , Es Process ,

BEGIN
MD ( E ) = MessHandle =>

“Message rescinJed or t ine d  out” ;
“Transaction rescinded” ;

• END);
E.Disposition (— “Event rescinded”;
LocalCanc el(E, EsProcess);
“Event rescinded” ;

END;
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Resc indLocalEvent <—

I RescindLocalEvent h~indles “Aw 3iting XMIT” rescission where
I both the sender and receiver are local. The source event is
I rejected and the destination event is dequeued .

H ‘I ,
EXPR(ST: Thansactionilandle, SP: DestHandle)

BEGI N
DECL DP: Process Handle LIKE

SetzeDestHandle(ST.Destpr ocess) ;
DECL DT:TransactionRandle LIKE
SeizeTransaction(ST.DestID);

• ST.Dlsposition <— “Event rescinded”;
• Rej ectO..~tputMe ss(ST, ST.Disposition , SP,

TR UE IE lbDel iver ) ;
• DeQ(DP.InputMossQ, UI’);
• Release(DP) ;

Free(DT) ;
END ;

a
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StopThansaction (—

I StopTransaction encodes the part of the above table having
I to do specifically with StopMe. It can be called with
I T in any state. ~~th network and local action are taken.I lb del ivery is done , since the process is terminated .

• I Local message output transactions are treated specially
(activating messages “Awaiting prior MESS c~npletion” viaReje ctO~tputMess is avoided ) .

‘I
EXPR(T:Transactio n Handlo , TsProcess: DestHandle)

BEGIN
IsLocalTransaction(T) =>
StopLocalmansaction(T, TsProcess);

• T. State z “Connection open” =>
BEGIN
SendCloseConn(T, “Process terminated”, TsProcess);
Remove(TsProcess.ConnectioriS, T) ;

• • END;
IsPassiveTransaction(T) :> NOTHIfIG ;
StopTimning(T) ;
RemoteCancel. (T , TsProcess, “Process terminated”) ;
BEGIN

T.State “Awaiting MESS—OK” OR
L State = “Awaiting ~4I~~’ OR
T.State = “Awaiting prior MESS completion” =>
DeQ(TsProcess. OutputMessQ, T);

LocalCancel(T, TsProcess);
END ;

END;

StopLocalTransaction <—

I Stop handles message transactions where both the sender and
receiver are local. The source transaction is iequeued if
own ed by the stopping process , otherwise it is rejected and

• I del ivered . The destination transaction is ieque ued .

‘ ~1
EXPR (T :Transactiont-iandle , P: DestHandle)

DECL IsSender :BOOL LIKE T.State = “Awaiting ~1IT”;
DECL MatchingP :Proc essHandle LIKE

Sei zeDestH-andle( BE GIN
Is&~nder :> T.DestProcess ;
T. SourceProcess;

END);
DECL MatchingT:Transa~tionUandle LIKE
SeizeTransaction ( BEGIN

IzSenier :) T.De stID ;
T.So urcelD;

END ) ;
BEGI N

IsSender :>
BEGIN
DeQ(P.~~tputMessQ, T);
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DeQ(MatchingP.InputI~ ssQ , MatchingT);
END;

MatchingT.Disposition <— “Process terminated”;
Reject~ .atputMess( Ma tchingT , Ma tchingT. Dis position ,

Matching?, TRUE IE tbDeliver);
DeQ(P. InputMessQ, T) ;
Deliver(Mat chingT , Matching?) ;

END;
Rclease(Mat chingP) ;
Free( Matchi ngT ) ;

• END;

FbstDeadThansaction <—

HostDeadTransaction encodes the part of the above table
having to do specifically with the failure of an MSG.
~~ly local action is taken, and the result is del ivered via
server . It ’ the owning process cannot be seized FALSE is
returned.

‘I
EXPR(T:TransactionHandle; BOOL)

BEGIN
IspassiveTransaction (T) => TRUE ;
DECL TsProcess:DestHandle LIKE

TestSei zeDestH aridle(Ownin~Process(T)) ;
Null(Ts process) => FALSE ;
St opTiming(T) ;
DECL TsOldState:ReasonCode LIKE T.State;
T.Di spositiori <— “Fbst died” ;
Localcancel(T , TsProcess) ;
Dclivercancel(T, Ts Process , TsOldState);
Release(Ts Process) ;
TRUE ;

END ;
a 

•
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TimeoutTransaction <-.
TimeoutTransaction encodes the port of the above table

• I having to do specifically with timeout. Both network and
local action are taken , and the result is delivered via

I server . If the owning proce3s cannot be seized FALSE is
I returned . Cancel l ing message transactions where both sender
I and receiver are local is handled specially .

; I /

• EXPR (T:TransactionHandle; BOOL )
BEGIN
DECL TsProcess :Dest ’-hndle;
IsLocalTransaction (T) :> TimeoutLocalTransact ion(T) ;
TsProcess <— Test SeizeDestHaridle(OwningProc ess(T)) ;
Null(TsProcess) => FALSE ;
DECL TsOldSc.ate :StateCode LIKE T.State ;
RenoteCancel(T, TsProcess ,

BEGI N
T..State “Awaiting CON’l .-OPEN” OR
T.State

“Awaiting CO~~F.DPEN or CO~~-CLOSE” =>
• • 

“Timed out waiting for your CONN ECTIO N PEN” ;
IsMessHandle(T) :)
“Massage rescinded or timed out” ;

“Transaction timed out” ;
END ) ;

T.Disposition <— “Transaction timed out” ;
LocalCancel(T , TsProcess) ;
TsOldState “ Awaiting Closeconn” — >

T.cp <— “StopMe ” /~ ‘ for connection—broken signal ’ ;
DeliverCancel(T , Ta Process , TsOldState) ;
Release(Ts Process) ;
TR UE ;

END;

LI j
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TimeoutLocalTransaction <—

I Timeo ut.LocalTh ansaction handles messa ge transactions where
I both the sender and receiver are local. The source

transaction is rejected , the destin at ion trans~iction is
dequeued and the source transaction is delivered . If the
owning process cannot be seized FALSE is returned .

~~*1
EXPR (T:Than sactionHan dle; BOOL )

• BEGIN
• DECL IsSender :BOOL LIKE T.State “Awaiting ~1IT” ;DECL SP:Proce ssFlandle LIKE

TestSeizeEkest.Fiandle (T. SourceProcess);• Nul l( SP) :> FALSE;
DECL DP:ProcessHandle LIKE

TestSeizeDestHandle(T . DestPr ocess) ;
Null(DP) => C )  Release(SP) ; FALSE (] ;
DECL MatchingT:TransactionHandle LIKE

• 
• TestSeizeTransaction (BEGIN

IsSender :> T.DestID ;
• T.SourcelD;

END);
Null(Ma tchingT) > C) Release(SP); Release(DP); FALSE 0;
DECL ST:TransactionHandle LIKE

0 IsSender => T; MatchingT C ] ;
DECL DT:TransactionHandle LIKE

1) IsSender =>  Ma tchingT ; T
ST.Disposition <— DT .Di sposition <— “Event timed out” ;
RejectcXitputMass (ST, ST.Disposition , SP ,

TRUE IE NoE~eliver) ;
DeQ(DP. Input?~’essQ, DT ) ;
Deliver(ST , 5?);
Release(SP);

( Release(DP) ;• I Free( Matching T) ;
TRUE ;

END ;
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Localcancel <—

I LocalCancel encodes the local action part of the above table.
In general this consists of dequcuing the transaction fran
the proper process queue.

‘I
EXPR (T:ThansactionHandle , TsProcess : DestHandle)

CASEET. State ]
[“Awa iting MESS-Oi(”],

(“Awai ting XM1T”],
• 

• (“Awaitin g prior MESS canpletion ”J :>
Reje ctaitput~ess(T , T.Dispositiori , Ts Process ,

TRUE IE lbDeliver ) ;
(“Awaiting HOLD ”] ,  [“Held by sender”] =>

• DeQ ( Ts Process.InputMessQ, T) ;
(“Awaiting retransnission ”] =>

BEGIN
DeQ(Ts Process .InputMessQ, T) ;
RenitBoffer(TsProces~ , T) ;

• END;
[“Awai ting ReceiveMess”] :>

BEGIN
DeQ(TsProcess .InputMessQ, T) ;

• CreditBoffer(TsProcess , T) ;
END ;

(“Awaiting MESS” ] :> DeQ(Tsprocess.ReceiveMessQ, T) ;
• [“Awaiting ALA R~1 K” ] >• Remove(Ts Process .O~tputAlarm S , T) ;

[“Awaiting ReceiveAl arrn”] :>
DeQ(Ts Process .InputAlar:n ~ , T) ;

• [“Awaiting ALARM” ] => DeQ(TsProcess.ReceiveAlar :nQ, T) ;
[“Awaiting CO U M— OP EN ” ] ,

[“Awaiting CpenConn ”) ,
(“Await in g CONN— CLOSE ”] ,
[“Awaiting closeConn”] ,
[“Awaitin g CO:~~~~PEN or COUN—CLO SE”~ ,

• [“Mi snatch —— awaiting CONN—CLOSE”] =>
Remove(Ts process.ConriectionS , T) ;

[“Delivered”] :> NOTHING ;
TRUE :> MSGError ( ’Bad cancel state ’) ;

END ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -•~~~~•• -•---•~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~
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• Re1noteCancel

Retnot~Cancel encodes the network action part of the aoo~’e
I table. In general this consists of sending a protocol i ten ,

or changing or removing a protocol item ready to be sent.

• ‘‘I
EXPR(T: TransactionRandl~ ,

• TsProcess:DestHan.’ilc ,
• 

• 

~~y:ReazonGo de)
CASE CT . State]

(“Awaitin g MESS -OK”) :>
BEGIN

HaspendingProtocolcxitput (T) =>
BEGIN
NOT Null(T.DestID) :>
ChangeProtocolO.itput(T, “MESS—CANCEL” , Why);

StopPr otocolaitput(T);
• END;

END ;
(“Awaiting XMIT ” ] :>

BEGIN
HasPendingProtoc olOitput(T) =>

tha ngePro tocol~~itput(T , “MESS—CANCEL” , W h y ) ;
SendMESS\CANCEL(T, Why);

END;
(“Awaiting HOLD—OK”] =>

HasPendi ngProtocolO~tput(T) —)
ChangeProtocolaitput(T, “MESS—REJ” , Why);

[“Held by sender”] :> Send~€SS\REJ(T, Why);
[“Awaiting retransnission”] :>
HasPendingProtocolOutput (T) —>

• ChangeProtocoloitput(T, “MESS-REJ”, Why);
[“Awaiting ALA N -OK”) ~>

• HasPend ingProtocolOitput (T) —> StopProtocolQitput(T);
[“Awa iting CON~-OPEN”] =>

BEGIN
• HasPendingProtocol~~tput(T) => StopProtocol~ itput(T);SendClose Conn (T, Why, TsProcess) ;

• END;
[“Awaiting ~~enConn”) => RejectConn (T, Why, TsProcess);
[“Awaiting CloseConn”] =>

SendCloseConn(T , Why, TsProcess);
TRUE => NOTHING ;

END;
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IsPassiveTransaction <—

IsPassiveTransaction determines whether any cancel action need
be taken . If the transaction is awaiting local delivery it
can be igno red .

~/ EXPR (T:TransactionHandle; BOOL) T.State II “Delivered”;

IsLocalTransaction <—

I IsLacalThansaction determines whether a transaction is a
message transaction with both sender and receiver local .

r ~ 
I
~~ 1/
EXPR (T:ThansactionHandle ; BOOL)

T.State “Awaiting XM IT” AND
T.State.DestProcess.Fbst I~ calFbst OR
T.State “Held by sender ” AND

T.SourceProcess.Fbst = LocalFbst ;

~~ningProcess <—

• • I ~.iningProcess returns the process name of the process for
which the given transaction was created .

‘1
EXPR (T : TransactionHandle; ProcessNarne)
CASE CT. State]

[“Awaiting HOLD-OK”],
[“Held by sender”),
[“Awaiting retranenission ”) ,
[“Awaiting ReceiveMess”] ,
(“Awaiting MESS” ] ,

• (“Awaiting ReceiveAlarm ”) ,
[“Awa iting ALARA ”] => T.DestProcess ;

TRUE => T.SourceProcess;
END;

HasPend ing Protocol~~ tput <—

HasPendingProtocol2~tput determines whetner a transaction
has a pr otocol item waiting to be sent.

*1
EXPR(T:Tra nsact ionfiandl e; BOOL ) NOT Null(T.Pr otoc olO~n mand ) ;

thangeProtocolOitput <—

QiangeProtocolO~tput changes the type of protocol item wait ing
to be sent (to one appropriate for canceL lat ion ) .

‘I
EXPR (T:Tra nsa ctionHan llc ,

Action: P c c 1 C u th~,
‘Why :ReasonCode )

( )  T.ProtocolCannand <— Action ; T. Reason <— Why 0;
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StopProtocolQitput <-

StopProtocolO~tput Stops the sending of a protocol item
waiting to be sent by daqueuing its transaction fran the
network delivery queue.

I,

EXPR (T: ThansactionHandle)
BEGIN
DECL HC:FbstCode LIKE T.DestProcess.Fbst;
DECL HrI:FbstHaridle LIKE
FOREACH H IN HostS DO HC H.Fbst :> H END ;

DECL HQ:~~.~eue(Transact ion) LIKE
HH. Deliver Server. Del iveryQ ;

Seize (HQ) ;
DeQUIQ, T) ;
Release(HQ) ;

END;

DeliverCancel <—

• I DeliverCancel determines whether a cancelled transaction need
be delivered (via server), and if so delivers it.

;
~~,EXPR(T:Transactiori Handle ,

TsProcess: Dest Handle,
TsOl dState :ReasonCode)

CASEETsOld State]
(“Awaiting MESS— OK”] ,
(“Await ing ~1IT”],[“Awai ting prior MESS completion”],
(“Awaiting MESS”],
(“Awaiting ALARM-OK”),
[“Awaiting ALARM ” ] ,
[“Awai t ing  COUN—O PEN ”] ,
[“Awaiting CONN—C LOSE”] ,
(“Await ing CloseGonn”] ,
[“Awaiting CONN-O PEN or CONN—C LOSE” ] :>
Deliver(T , Ta Process) ;

TR UE :> NOTH ING ;
END;
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Timer routines

Deadlines are absolute fixed points, not intervals.
• I The front of the timer queue is the event which will time out earliest.
• The FOREACH loop runs from the front of the queue to the back.’;

StartTiming <—

• I StartTiming takes a transaction and aids it to the t imer
queue. If a new deadline is supplied via NewTimer , it is
assun ed to be a relative in terv al , and is cor.’ierted to
absolute form. The timer queue is scanned , th ! transa ction
inserted and , if the transaction is at the front of the
queue , the timer process is notified.

EXPR ( NewFntry :Thansaction Handle , NewTizner : Interval)
BEGIN

&i ze(Timer~ ) ;
DECL IsAtFront:BOOL LIKE

Null ( Timer~~) OR
NewEntry .De adline  LT Front (TimerQ) .Deadline ;

NOT Nul l(NewTi’ner) —>
NewEr~try.Deadline <— MakeIntervalA~solute(NewTimer) ;BEGIN
Nu ll(TimerQ) :> FALSE ;
FOREACH Entry AT EsLocation FranFrontOf TimerQ

• DO
NewEntry.Deadline LT Fntry.Deadline :>

[) EnQAt(EsLocation, NewEntry); TRUE (] ;
FALSE ;

END;
END I I )  En~(TimerQ, NewEntry);IsAtFront — > SIGNAL(Ti !ner Signal) ;
Release(Timer~ );END;

StopTiming <—

StopTiming takes a transaction and removes it fran the ti~ier
queue.

0/
EXRR (OldE1try:Thansa~tionft3n’ile)BE GI N

Seize(Ttner~ );De Q(T i :n~ r~~, 3ldEntry);
Release(Timer~ );END ;



~‘T~~T 
. .

~~~~~

Abstract Model of MSG 133
Module CA NCEL

• TirneoutHandler <—

TimeoutH.andler waits for timeouts arid cancels transactions.
It waits until the deadline of the front entry of the timer
queue expires. It also waits to be signalled from

I StartTirning that a new entry has been put on the front of
I the timer queue. When a transaction times out an attempt is

made to seize it and cancel it. If this is successful the
transaction is removed from the timer queue . If this fails ,

I TiineoutHandler waits a brief interval and tries again.

‘‘I
EXPR C)

REPEAT
Seize(TimerQ) I’ ‘This may wait for StartTirning

I or StopTi’ning to Release.’;
DECL Timeoutsignal:SignalType LIKE

BEG IN
Null(TimerQ) :> Nul iSignal ;
StartClock(i3EGIN

Frort(TimerQ) .Deadline LT CurrentTirne( ) =>
• ~hkeIntervalAbsolute(Sei zeWait ) ;

Front(TirnerQ) .Deailine ;
END);

END;
Release(TirnerQ) ;
DECL WaitSignal :SigrialType LIKE
WAIT({ TimerSignal, Timeoutsignal 1);

BEGI N
WaitSignal TimerSignal :> Stopclock(TimeoutSignal) ;
Seize(TirnerQ);
FOREACH Entry AT EsLocation FranFrontOf TinerQ

DO
CurrentTime( ) LT Entry .De adline :> NOTH ING ;

• I Testseize ( Entry )  II> NOTHI N G ;
• TineoutTh ansaction (Entry ) —> De~ At (EsLocation) ;

Free( Entry);
END;

Release (TirnerQ) ;
END;

END;

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ~~~~~~~~~~ _ _
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• MSG-MSG protocol format definition s

The various fields of protocol items input from the network must be
!converted from 8-bit byte agglomerations into usable objects , and the reverse

• !tnust be done on output. The following operators define and perform the
• !conversion , allowing the mass of networ~c data to be accessed as a data

I structure .
I The FORMAT operator defines the simulated data structure of the protocol
!items , with each field being given a nan e , a mod e and a length in bytes.

sane field specifications vary from this general form , and employ the
!following operators in their definition . The — operator indicates that a
!field is actually composed of a nunber of subfields , which are defined in the
!FORMAT that takes as its argtxn ent. The operator indicates that a field
!requires ape !ial processin~ to convert it , with taking as its arg~ nent the
!routine to do the processing . The ——— operator indicates that a f ield is not
I converted by FORMAT at all , but is incli.ded for docunentation purposes.

• ! The ~ operator indicates a field that may be assigned directly to and
Ifrom an appropriate internal data structure. Such direc t assignments are

• !performei with the < H  and H >  operators.
I The I operator is used to reference ind iv idual fields , the format to
!which the appl ies having been c~~sen by either the <~ 1,  I>  or operator .

Header <— FOR.IAT(Length :Shortlnt(2) , ~~mmani :Protocolcode( 1)) ;

Moss—related formats’;

MessFo rmat <—
FOR’~1AT(Length :SnortInt (2) ,

Coarnand :ProtocolCode(1),
SourcelD:9 TransactionlD(2),
DestID:~? ThansactionlD(2),

• FirstByte :SriortIrit. ( 1) ,
IsGeneric :~ BOOL ,• IsSequ?ncei :2 BOOL,
IsMarkei :~ BOOL,
No}bld:2 BOOL ,
FbldOr :2 BOOL ,

• No~ 4ait:BOOL ,• SourceProcess:~ 
- MSGProcessNane,

DestProcess:2 - ‘lSGProcessNane ,
Text :——— ) ;
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MessQ<Forrnat <—
FOR.MAT( Length :Short lnt (2 ) ,

Command: ProtocolG de(1),
SourceID:~ ThansactionlD(2) ,
SourceProcess:2 - MSG ProcessNarne,
DestProcess :~ 

- MSG ProcessN~rne ) ;

FlessRejF orrnat <—
FORMAT (Lengtn:Shortlnt(2) ,

Command : ProtocolCode( 1) ,
• 3ourceID:~ Thansacti onlD(2) ,

Reason :’~ ReasonCodeC 1),
~~urceProcess :Q - MSG Process Nane ,
DestProcess :~ 

- MsGProcessName) ;

M~ssHoldFormat <—
FORMAT (Length:Short lrlt (2) ,

• Con~nand :ProtocolCode(1),
SourceID:~ TransactionlD(2),• DestID:~ ThansactiorilD(2),
SourceProcess:2 — MSGProcessName ,
DestProcess:~ 

- MSGProces sNane);

• Holdc*cFor:nat <—
FORMAT(Length: Short lnt (2) ,

Command :ProtocolCode( 1) ,
~~ur oeID: @ Transact ionlD(2) ,
DeztID:2 Transacti orilD(2) ,
SourceProcess:~ 

- M3G ProcessNan e ,
DestProcess:? - MSGProcessNa’ne);

MessCancelFor~nat <—
FOR:IAT(Lengtn :Snortlnt(2),

Cornand:Protocolcode( 1) ,
• SourcelD:2 Tr an saction lD(2) ,

DestID:~ TharisactionlD(2),
Reason :~ Reason coie( 1) ,
~~urceProcess :~ 

- 
~1SG ProcessNa’ne,

DestProcess:2 - MSGProc essName) ;

XmitFormat <—
FORMAT (Len gt h :Short lnt (2 ) ,

Coa~nand :Pr ot ocolCoie( 1) ,
SourceID:~ Transec tionlD(2),DestID:~ Transa:tionlD(2),SourceProcess:2 - MSG Proce~s~ine ,
DestProcess :~ 

- M3G ProcessNane) ;
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Alarm—related formats ’;

~1 AlarmFormat <—
FORMAT ( Length: Short Int(2) ,

Co~mnand :ProtocolGode( 1) ,
~~urceID:~ TransactionlD(2),
Alarm :~ Alarncode(2) ,
SourceProcess :~ 

- MSG processNarnc ,
DestProcess:~ 

- MsGProcessNarne) ;

AlarmQcFormat <-
FORA AT(Length:Shortlnt (2 ) ,

Coniiand:ProtocoiCode(1),
SoLrceID:2 Transact ionlD (2) ,
SourceProcess :~ 

- MSG ProcessName ,
DestProcess:~ 

- MSGProcessName) ;

Alarrn Rej Format <—
FORMAT(Len;th:Shortint(2),

Conrnand :Protocol Code(1),
SoirceID:~ TransactionlD(2),
Reason :~ ReasonCode(2) ,
SourceProcess :~ 

- MSGProcessNarn e ,
• DestProcess :~ 

- MSGProcessNaTle);

( ! Conn—re lated formats’;

Conn~~enFormat <—
FOR.MAT( Length : Short lnt(2) ,

Command :ProtocolCode (1),
S,urceID:~ TransactionlD(2) ,
DestID:~ TransactionlD(2),
ConnID:~ ConnlDCode(2),
Type\duplex :BOCL ,
Type\send :BOOL,
Type\receive : BOOL ,
Type\ ServerTELNET: BOOL,
Type\UserTEL!IET : BOOL,
QonriBytesize :~ Shortlnt ( 1) ,
Re’noteSocket:2 Iciteger(3) ,
SourceProcess:,~ 

- 
~1SG ProcessNane ,

DestProcess:? - MSGProcessName) ;
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ConnCloseFormat <—
FORMA T(Longth :Short lnt (2 ) ,

Command : ProtocolCode( 1) ,
SourcelD:@ T~ansactionID(2) ,

• DestID:~ Tra nsactionlD(2) ,
ConnID:~ ConnlDCode (2) ,

• Reason :~ Re asonGode( 1) ,
~~urceProcess:€ - MSG PrOCeSSNanC ,

• DestProcess :~ 
- MsGProcessName) ;

• ConnRejFormat
FORMAT(Length:Shortlnt(2) ,

Cai~nand :ProtocolCode( 1) ,
SourceID:!~ TransactionlD(2) ,
DestID:~2 TransactionlD(2) ,
ConnID :~ Conri lDCode(2) ,
Reason :~ ReasonGode( 1) ,
SoirceProcess:~ 

- MSGProcessName ,
DestProcess:~ 

- M3GProcessNane);

Other formats ’;

Mo~~For.nat <—
FORMAT(Lerigth :Shortlnt(2), Caitnarid:ProtocolCode(1));

EchoFormat <—
FORMAT (Length : Short Int(2) ,

Command : protocolOode( 1) ,
De ta :A N Y ( 1) ) ;

EchoReplyFormat <—
FORMAT(Length : Shortlnt(2),

Command : Protocol Cod e( 1) ,
~~ta:ANY ( 1)) ;

ExpEormat <.-
FORMAT(Length: Shortlnt(2),

Command : Protocol Gode( 1),
Fun ct ion: ANY ( 1)) ;
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SendStatusForlnat <—
• FORMAT (Lengtn:Shortlnt(2),

Co1ninand : ProtocolCode( 1) ,
~~urceID:ThansactionID(2) ,
SoirceProcess : MSGProcessName ,
DestProcess : MSG ProcessNane);

StatusckFormat (—
FORMAT (Length:Shortlnt (2),

• Com.’nand:Protocolcode (l),
~~urceID:TrarisactionID(2),SourceProcess : - MSGProcessNane ,
~~st Process : - MSGProcesaN3ne,
Status :——— ) ;

• StatusRej Format <—
FORMAT(Length :Siiort lnt (2) ,

Cai~nand :Protoco lCode( 1) ,
• SourcelD:Trarisact ionlD(2) ,

Reason :Reasori Code(2) ,
SourceProcess : - MSGProcessNarne,
DestProcess: MSGProcessNane);

CloseFormat <—
FORMAT(Length:Shortlnt(2),

Command : ProtocolCode( 1),
Reason :ReasonCode(2)) ;

SynchFormat <—
FORMAT(Liength: Short lnt (2),

Command : protocolCode( 1),
Sender:Shortlnt(2),
Receiver:Shortlnt (2),

• Version :Short lnt (2)) ;

PtclEr r Format <—
FORMA T(L~ngth :ShortInt (2) ,

Command :ProtocolCode( 1) ,
ErrorCode:Shortlnt(2) ,
BadThansaction :——— ) ;
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I The Proces. ~1ie format . ’;

MSGProcessName <—
FORMAT(Incarnation :~ Short lnt(2),

Instance:2 Snortlnt(2),
GenericNane:~ Gener icciass);

GenericClass <—

GenericCiass is the routine invoked to parse the GenerioNane field.
I The Generic Nane field h~s a condi t ional structure , unlike other

fields. If the first byte of the field is greater than 127 then
it is a generic code , and there is no more to the field. If it is

I less than or equal to 127 it is the length of a text string naning
the class , with the text bytes following .’;

Net&iffer <—

NetBuf fer is the data structure used to buffe r incoming and
outgoing network data . ~~ta is the actual network data
(2273 is the maximun riunber of bytes in the longest possible
item) . Channel is the network channel used for transfers to
and fran the buffer. Host is the target host. Scan is a
pointer to the last byte read or written (it is advanced
by the <H, H> and : operators as they process fields).
Read points to the last byte RECEIVEd fr an the network.

‘STRUCT (Data:VE CTOR(2273, NetBy te),
channel : Ch~rinel Handle ,
Host :HostCode ,
Scan: Integer ,
Read : Integer) ’ ;

NetReceiveltem <—

NetReceiveltem reads a complete protocol item into the Net3.~ffer ~ iS5Ci
• I to it. It RECEIVEs the first two bytes (the length of the item) and

then RECEIVES the rest .’;

NetSerid Item <—

NetSendlten SENDs the protocol item in the NetBj ffer passed to it . ’ ;

,
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I
Protocol input routines

Protocollnput <—

Protocol lnput waits unt il either there is a new channel for
it to listen to , or there is act ivi ty on one of the channels
already assigned to it. When a channel becomes active , the
routine in puts a pro tocol item and dispatc hes to the prope r
special i zed iten handler .

e * /
EXPR(Ego:ServerHan dle)

BEGIN
DECL B:Netalffer LIKE AllocateNet~ ifferQ;
REPEAT

~J~ .%JJ.I1

DECL Signalor :UNI ON(thannelHandle, SignalTy pe) LIKE
WAIT (( Ego .CnannelS , Ego.WakeUp Signal I ) ;

Signalor = Ego.WakeUpSignal :> NOTHING ;
B.Channel <— Signalor~B.Fbst <— Get FbstFr anC>iannel(B. Channel) ;
NetRece ivelte :n(B) II> Prot~~olErr or (B) ;
H Header ;
CASE( Command )

(“MESS”] :> InputMess(B) ;
(“MESS — OK”) :> Input~~ssO~< (B ) ;
[“MESS— REJ” ] => InputMessRej(B);• (“MESS—HOLD” ] => Input ~~ssHold(B) ;
(“HOLD ”] :> In pur.Fb ldOk(B) ;
(“MESS—CMCEL” ] :> Input.MessCancel (B);
(“~ 1IT”) :> InputXmit (B ) ;
(“ALAR M” ) :> InputAlar:n( B ) ;
(“ALAR M” ) :> InpuLU arrn Ck (B) ;
( “ A LA R M —REJ ” )  => InputAl ar .nR~j ( B ) ;
(“CO~N-O PEN ”] :> InputConnO p en( B) ;
( “ CO 4N — ~LOSE” ] => Inpu t Oon riClose( B) ;
E”C OIN —R E J ” ] =) Input Corin Rej ( B ) ;
TRUE =) ProtocolError(S) ;

END;
END ; •

END ;
END;
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The following routines parse protocol items and convert then to the
appropriate internal  data structures. They ver i fy  lengths , generic
codes and incarnation nunbers , and supply host irt forination .

InputMess <—

InputMess , in addition to the usual input functions:
produces a MessHaridl e ,
converts the ~bQWait field ,
verifies specific/generic consistency,
and moves the message tex t (via  Input~~ssText) from the

• I Netaiffer into the MessHandle. If Input.MessText cannot
allocate storage for the text, it is left null.

‘ ‘I
EXPR (B: Net&~ffer)

• BEGIN
• DECL MB:MessBlock;

MB <H MessFormat;
M3.~ 4ai t <— NOT 1 NoQ4ait;

• B.Scan II I FirstByte :> ProtocolError(B);
EncodeGener icClass( MB. SourceProcess .Generic Name) Ii >

ProtocolError(B) ;
EncodecenericClass( MB. DestProcess .Gener icNene) I I>

Protocol Error( B) ;
MB.SourceProcess.Ebst <— B .Fbst ;
MB.DestProce ss.Fbst <— LocaiHost ;
DECL MH:Me ssHandle LIKE

Allocate(MessHa ndle , MB) I’ ‘ impl icit Seize ’ ;
MH.~~stProcess.incarnation 1/ Local lncarnation =>

BEGIN
SendMESS\REJ(MH,

“Bad incarnation nunber on destination process”) ;
Release(MFI);

END ;
BEGIN

Nu ll (MH. E~stProcess . Instance) :>
NOT Mii.Is Generic 3R :4H.Issequencei OR 4H .IsMa r ked;

MM . IsGeneric OR Qwait ;
END =>

BEGIN
SendMESS\ RE J (M H ,

“t ~ stination nane/handl ing — generic/specific rnisiatc n ” ) ;
Release(MH);

END;
M~-I .TextLen th <— I Length — I FirstEyte;
Thput~ ezsText (B , ¶~) ;
En Qlnpu tMes s (MH ) ;
Free(M :1) ;

EN D;
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InputMessG <—
EX PR ( B :  Netl3uffer)

BEGI N
DECL MB:Me ssBlock ;
MB <H MessQ< F’or :nat ;
FormatError (B, MB) => NOT HING ;
MB.SoureeProcess.!-bst <— LocalHost ;
MB .DestProcess .Ebst <— B.Ibst ;
Record MESS\OK(MB) ;

END ;

InputMessRej  <—
EXPR(B: NetBuffer)

• BEGIN
DECL MB:MessBlock;

• MB <II Mes sRejF ornat ;
FormatError (B, Mb) => NOTHING ;
t4B.SourceProcess.!-bst <— LocaiHost ;

• MB.Destprocess.Ebst <— B.1-bst ;
R.ecordMESS\REJ(MB) ;

• END ;

• InputMessHold <—
EXPR(B:NetB.iffer)

BEGIN
DECL M13:MessBlock;
MB <H MessHoldFornat;
FormatError(B, ME ) :> NO THING ;
MB.SourceProcess.Host <— LocaiHost;
MB.DestProcess.}-bst <— B.Fbst ;
Record MESS\HOLD(Mi3 ) ;

END ;

InputHoldck <—
EXPR (B: NetBu ff er )

BEGIN
DECL MB :MessElock ;
MB < I I  HDl d~ <F orn 3t ;
FormatError (B , MB ) ~> NOTHI NG ;
MB .Scurceproeess .Host <— B .Hos~.;MB .f ~ stProcess.Host <— LocalFbst;
RecordHOLD\OK(M3) ;

END ;
• Input~4~ssCaricel <—

• EXPR ( 3 :NetBif f er )
BEGI N
:~ CL MB:~cssBlock;MB < H MessCancelF r~r.at;FormatError(B, MB ) . >  NOTHI N G ;
M3.S ur~~ Pr3~~ss.Fbst < -  3.Ho st ;
MB.~~s~F~:~~s.3.Fbst <— LocaiHost;
RecorJ~~~.3\c.A C~L(M3) ;

END;



Abstrac t Model of MSG V43
Module R~ 1OTE

• InputXmit
• EXPR(B: NetBuffer)

BEGIN
DECL MB:t4essBlock ;
MB <H XmitFor!nat;
FormatFrror(B, MB) => NOTH ING ;
MB.ScurceProcess.Host <— LocalMost ;
MB.DestProcess.Fbst <— B.Fbst ;

• RecordXMIT ( MB) ;
END;

InputA].arm <—

InputAl arm , in addition to the usual inpu t functions:

• 
prod uces an Al armHandle.

;~~,EXP R(B: N etBu ffer)
BEGIN
DECL AB:AlarmBlock;
AB < I I  AlarmFormat ;
LengthError(B) => ProtocolError(B);
EncodeGener icClass(AB. SourceProcess . GenericNane) //>

ProtocolError( B) ;
EncodeGenericClass(AB. DSst Process .Gener icNane) / I>

ProtocolError( 3);
AB.SourceProcess.Host <— B.Fbst ;

• AB .DestProcess.Host <— LocaiHost ;
DECL AH :Al armHandle LIKE

Allocate(AlarmHandle, AB) /* ‘impl icit Seize’ ;
AH.DestProcess.Incarnation /! Locallncarnation =>

BEGIN
• SendALA RM\REJ(AH,

“Bad incarnation nunber on destination process” ) ;
• Free (AH ) ;

END;
EriQlriputAlarm(A H ) ;
Free( AM);

END;

InputAlarinD< <—
EXPR (B :NetBu ffc r )

BEGIN
DECL AB:Alar.n Elock;
AB < Il A~~r’n <Fcr:nat ;
FormatError (3 , ?J3) :> NOTH I JG ;
AB.SourceProc.~ss.Host <— Loca].Host ;
AB .E~ stProcess.Fb st <— B.Ho St ;
R ec or dAL AR4 \ OK (AB ) ;

EN D ;
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InputAlarm Rc j  <—
EX P R (B: NetBuffer)

BEGIN
DECL AB:AlarmBlock;
AB <H Al ar’.nRejFor.nat;
FormatError (B, AB ) => N OTH ING ;
AB.SourceProcess.Fbst <— LocalFbst ;
AB. I~estProcess.Hcst <— B.Fbst;
RecordALARM\REJ(AB);

END ;

InputConnOpen <—

• I Inputconnopen , in addition to the usual input functions:
I produces a ConnHandle ,

converts MEG connection types to internal ones ,
verifies connection type (one and only one),
and verifies bytesize range.

I
• ‘

EXPR (B:N etBu ffer )
BEGI N
DECL D.iplex , Send , Receive , ServerTelnet, UserTelriet:BOOL ;
DECL CB:CormBlock ;
CB <H ConnOpenFormat;
1)iplex <- Typ~~~~ ie~Send <— I Type\send ;
Receive <— 1 Typ e\r eceive ;
ServerTelnet <— I Type\ServerTELNET ;
UserTeir iet <— 1 Type \USerTELNE T ;
C.ConnType <—

• BEGIN
UserTelnet => “U serTELNET” ;
ServerTelnet :> “ServerTELNET” ;

• “Binary ” ;
END;

C.ConnDirection <—
• ()  Send => “Cot” ; Receive :> “In ”; “InCot” (1;

LengthError (B) :> ProtocolError(B);
EncodeGenericClass ( Ca. SourceProcess .Generi cNane) ~>

Protocol Error ( B ) ;
EncodeGenericCiass( 03. ~~stProcess .GenericNanc) 1/>

Protocol Error ( B) ;
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CB.Sourceprocess.Fbst <— B.I-bst ;
CB.CostProc~ss.}bst <— LocalFbst;
DECL CH :ConnHandle SHARED

Allocate( ConnHand le, CB) /* ‘implicit Seize ’ ;
CM. DestProcess . Incarnation II Locallncarnation =>

BEGIN
SendCONN\REJ( Cl-f ,

“ Bad incarnation nunber on destination process”);
Free( CH) ;

END ;
() Duplex :> 1; 0 C ) + [) Send :> 1; 0 (] +

[) Receive => 1; 0 (] + C )  ServerTelnet :> 1; 0 () +
E ) UserTe lnet :> 1; 0 (] II 1
BEGIN
SendCCNN\REJ (CH, “Invalid connection type”) ;
Free(Ci-I) ;

END;
CH.ConnBytesize GT MaximunConnBytesize :>

BEGIN
SendCO NN \REJ(Ct -I , “ Invalid connection byte size”) ;
Free(CH);

END ;
EnQln putOpenConn( CM ) ;
Free (CH) ;

END;

InputConnClose <—
EXP R(B: Ne t Bu ffer )

BEGIN
DECL CB:ConnBloc~<;
CS <H ConnCloseFormat ;
LengthError (B) :> ProtocolError(B) ;

• 

• EncodeGener icClass(CB. SourceProcess . GenericNai~e) /!>
Protocol Error( B);

EncodeGenericClass(CB. DestProcess.GenericNane) ~>
ProtocolError(B);

CB.EourceProcess.Fbst <— B.Fbst;
CB.DestProcess.!bst <— Locallbst ;
DECL CH :Gonr ,Handle LIKE

Allocatc(ConnHanile , 03) /‘ ‘Impl icit Seize ’ ;
CH. 1~~st Process . Incarnation # Local Incarnation =)

BEGIN
SendCONN\ REJ (C H ,

“Bad incarnation nun b.er on dest in ation process” ) ;
Free(C}-f);

END;
&iQlnput 0lo seConn (CH) ;

END ;
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In put connRej <—
EXPR (B:Net Bu ffer )• BEGIN

DECL CB:ConnBlock;
CB <U ConnRejF orinat ;
FormatError(B, CB) => NOTHING ;

• CB.SourceProcess.l-bst <— B.!-bst ;
• CB.DestProcess.Fbst (— LocalFbst ;

RecordCO NN \REJ (CB ) ;
END ;

FortnatError <-

FormatError verifies lengths, generic codes and incarnation
nun bers .

‘‘I
EX PR (B:N e tBiffer , TB:TransactionBloclc; BOOL )

BEGIN
LengthError (B) => ( )  ProtocolError(B) ; FALSE C];
EncodeGener ic Class (TB . Source Process • Gener ic Nane) II>

1) ProtocolError(3) ; FALSE (] ;
EncodeGenericClass(TB . E~stProeess . Gener ioN ane) I/>

C ) ProtocolError (B) ; FALS E CI;
TB.I~ stPr ocess .Licarnation 4 Locallncarnation :> FALSE ;

END ;

LengthError <—

Length Errors resul t. fran discrepancies between the official
count sent by MEG and actual datc parsed . If the official
count is long then B.Scan will be less then B. Read . If’ it

I is short B .Sean 411 be greater than B.Read , the pars ing
routines advancing B.Scan past B.Read without reading.

*1 EXPR(B:NetBuffer ; BOOL ) B.Scan 1/ B. Read ;

ProtocolError <—

I ProtocolError arranges the sending of a PtclEr r item based on the
Net&iffer passed to it. ’ ;

~
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• I Protocol output routines

• 
ProtocolCotput

• I ProtocolCotput waits until it is SIGNALe d , then loops through
its del ivery c~ eue , removes entries and dispatches to the
appropriate output routine . The entries are then dequeuei .

• E~~R(Ego:Ser~’erHandle)
BEGIN

DECL B:N et Bu ffer LIKE AllocateNetBufferO;
DECL QEntry:TransactionHandle;
REPEAT

• Seize(Ego .Delivery~ ) ;
• Null(Ego.DeliveryQ ) —>

BEGIN
Ego.Running <— FALSE;
Release(Ego.De 1ivery~ ) ;
WAIT({ Ego.A3keUpSi~ nal });Seize ( Ego . Del iveryQ) ;

END;
NOT Null(Ego.Delivery~) — >

BEGIN
QEntry <— Front (Ego.De 1iver-j~ ) ;
DECL IsSeized:BOOL LIKE TestSeize(~ Eitry);
Release(Ego. Del ivery~ ) ;
NOT IsSeized :>

C )  Pause(Sei ze~4ait) ;  Seize(Ego .Delivery ~ ) 0;
CASE [~ Entry .Protoco 1Co:nrnand )
[“MESS”] => Cotput~4ess(~ Entry,  B) ;
(“MESS—OK”) :> 3utput~4essQ<(~ Ent r y ,  B) ;
[“;‘IES S—REJ”] => Cotput>~ ssF~ej (~ Er t ry ,  B) ;

• [“MESS—~-f3LD”] => Output ~s~ioid(~~ntry, B ) ;
[“HOLD -O(”] :> Cotpu bldC~< (~ Ent ry ,  3) ;
(“MESS—CANCEL”) :> Outp~t~essCancel(~ Entry ,  B) ;
(“~~IT”) => CotputXm it (~ Entry , B) ;
[ “ALAR M” ] :) 3utputA1ar :n(~ Ir i t ry,  B ) ;
[“AU~1-O~<”] => ~~~~~~~~~~~~~~~~~~~ B ) :

• ( “ALAR ; 1— RE J ” ) :> Cutp~ tAl r (~~ n t r y ,  3) ;
( “C O’4N—O PE N ” ] => put Coi~~~e~ ( E ~try ,  B ) ;
(“CONN—C LO SE” ) => Outp~~~o C 1os?(~ Er~t ry ,  B ) ;
[“COt ~lN —R E J” ]  :) Cotput n~ e~ (~~ ntry , B ) ;
( “Stirt ICP ”l ,  (“Finish ~CP ”~ =>

Ne bst(~~r~tr y ,  B ) ;
TRUE :) MSGErr or (’BaJ protccol ~~~~ —.d’);

END ;
NOT (~ E n t r y . P  otocol i-J “ : r t  CP” ~QEntry.Protoco 10or.n~~d = “Fin ish IC?”) — >

BEG I N
U Header ;
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I Len~th <.- B.Scan ;
DECL HH :Hos tH and le LIKE SeizeFbst(B. }bst) ;
B.Chonn~l <— First (~H.Coanne 1S) ;
ReleaseCIH) ;
NetSend Ite~n( B) ;
~I ntry. Protocol Canmand <— Nul l Protocol Ca~nand ;E ND;

Sei ze(Ego. Del ivery~ ) ;
DeQ(Ego.DeiiveryQ, QEntry);
Free(QEntry);

• END;
Release(Ego. Del ivery~ ) ;

• END;
END;

• I The following routines convert internal data structures to
protocol items and determine the target host.

OutputMess <—

• OitputMess, in addition to th~ usual output fun ctions:
converts the NeQ~4ait field ,

• I sets the FirstEyte field ,
¶ I and moves the ness:~ e tex t fron the MessHandle to the

I Net &zffer (via Cotput~tessText) .

, * /
EXPR (M :Mes stian dle , B:NetBuffer SHARED )

BEGIN
• M H > MessFormat;

1 Command <— “MESS” ;
1 I’bQWait <— NOT M .Qwait ;

FirstByte <— B.Sc ari ;
B.f-bst <— M.DestProcess.}-bst;
CotputMessTex t( B , MM ) ;

END;

~ itput~essCk <—
EXP R(M: Mes sHandle , 3: NetBuffer SHARED )

BEG I N
M H> MessQ<Fornat ;
I CocrL’nand <— “MESS— OK” ;
B.}-bst <— M .SourceProccss.Host ;

END ;

• Cotput~~s3Rej <—
EX PR (M :MesaHand l e , B: N~ tB~ffer SHARED )

BEGI N
M H > M~ s3R2j Forn at ;
1 Co~r1~und <— “ -i~3 .3—REJ” ;
B .Hosr. <— M.Sour~~ Process.i-bst ;

END ;
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Cotput~bssFbld <—
EXPR( ’4:Me ssH~ndle , B: Net&~ffer SHARED)

• BEGIN
M U >  MessHoldFormat ;
I Command <— “MESS—HOLD” ;
B.Fbst <— M.Sourceprocess.f-bst;

END ;

CotputHoldOk <—
EXPR(M:Me ssHandle , B :Ne tBuff er SHARED )

BEGIN
M U > HoldQ For~nat ;
1 Command <— “HOLD-Ox” ;
B.Fbst <— M.DestProcess.}bst ;

END;
• 

~ itputMessCancel <—
EXPR (M :Me ssHandle , 3:Net&~ff er SHARED )

BEGIN
M I I >  MessCancel Format ;

Command (— “MESS—CA NCEL” ;
B.}bst <— M.DestProcess.l-bst ;

END;

CotputXmit <—
EFR (M:MessHandle , 3: NetBiffer SHARED)

BEGIN
M H> XrnitFormat ;
1 Command <— “ CIIT” ;
B.l-bst <— M.EourceProcess.f-bst ;

END ;

CotputAlarm <—
EXPR (A: Al arrn Handle , B: Net&iffer SHARED)

• BEGIN
A H >  AlarmFornat;
1 Comnand <— “ALARM ” ;
B.FbSt <-. A.DestProcess.l-bst;

END;

CotputAlar~nO~ <—
EXPR (A: Alar;nHandle , B: N~tBu ffer SHARED )

• BEGIN
A H> Alar:nO<For.nat;
I Ccnrnand <- “ALA RM -OK” ;
B.J-bst <— A .SourceProcess.Ebst;

END ;

CotputAl arnR ej
EXPR ( A :Al a rmH3id le , B :Net Buffer SHARED )

BEGIN
A H )  AlernRejF orm et ;
1 Co nman i <— “ A L A R M — RE J” ;

• B.lbst <— A .~i urceProcess.l-bst;
END; 
—  

- --~~~~~~~-— ~~~~~ -•-~~~~~~~
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~itputConnc~ en <—

I OitputConn~~en , in addition to the usu~d output func tions:
converts internal connection types to MSG ones.

RI
EXPR(C:connuandle , B:Netaiffer SHARED )

BEGIN
C H> Connc~ enFor:nat;
1 Type\duplex <—

C.ConnType “Binary ” AND C.connDirection “InOit” ;
1 Type\send <— C.ConnDirection “ait” ;

Type\receive <— C.ConnDirection “In”;
1 Type\ ServerTELNET <— C.ConnType = “&~rverTELNET”;
I Type\UserTELNET <— C.ConnType “UserTELNET”;
I Camnand <— “CONN-O PEN” ;
B.Fbst <— C.DestProcess.i-b st ;

END;

a2tputconnClose <—
EXPR (C:ConnHan dle, B:NetBuffer SHARED )

BEGIN
• C 1> CorinCloseFormat ;

I Command <— “CONN—CL OSE” ;
B.Ibst <— C.DestProcess.Fbst ;

END;

~ itputConnRej  <—
E~~R(C:ConnHand le , B:NetBuffe r SHARED)

BEGIN
C 1> ConriRejFor:nat;
I Command <— “CO~N—REJ ”;
B.Fbst <— C.DestProcess.Host;

• END;
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• I ICP routines

I Receive ICP request
OPE N ICR CHANNEL

I GET HOST AND SOCKET FR~1 CHAN N EL HANDLE
I A UTH ENTICATE -— STOP IF FA ILURE

GET LOCAL SOCKET FROM SYSTE4
SEND LOCAL SOCKET

I CLOSE ICP CHANNEL
I OPEN RE IO T E CHANNEL (S) ON LOCAL SOCKET
I RECEIVE SYNCH

SEND SYNC H
I KILL OLD TRAFFIC

Send ICP request
I GET LOCAL SOCKET FR C~M SYSTEM

OPE N ICP CHANNEL ON LOCAL SOCKET —— STOP IF FAILURE
(HANDLE AUTHENTIC A TIO N )
RECEIVE RE:•~OTE SOCKET

I CLOSE ICP CHANNEL
OPEN REM OTE CHAN NE L( S) ON LOCAL SOCKET
SEND SYNCH
RECEIVE SYNCH
KILL OLD TRAFFIC ’;

IC~ -Iandler <—

ICPHandler is the main routine of the ICR handling path. It
• I waits until another entity initiates contact , verifies that

entity as an MEG , establishes the re~ncte and local soc~3ts to
I be used in the permanent connection , creates host and servers
I if nonex istent, and notifies the net~~rk output server that a

connection should be open ed .

1/
EXPR()

• RE PEAT
BEG IN

• DECL ICp cianne l:Chann eiHandle LLK E
CM PE N(~~keId (O , 0, ICPSocket) , “Oit” , “Binary” , 32)

/* ‘This bloc~<s unt i l  saneone connects .’;
DECL RemoteFbst:Hostcode LIKE

• GetlbstFranChnnnel (ICPCnannel);
DECL R ot c~<et:Sock~t LtKE
GetSo tFror~Ch~nnel (I P C~~nnel);

Authenti cat~ ( R ~ n~ te~bst , R2~ 3~~~~)c~<~ t) :/>
CHCL OSE (I CP Cnann cl) ;
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Module R6IOTE

DECL Local~ocket:Socket LIKE Azsi~ nMEGSocketO ;
• SEND (L ~ci l~bcket , ICPOhannel);

CHCLOSE (ICRChannel ) ;
DECL RemotcHandle :Fb stFbndle LIKE

SeizeHost(RenoteHost) ;
Null(RsnoteHandle) —>

BEGIN
RenoteHa ndle <—
Allocate(!-IostHaridle) /* ‘ impl icit seize ’ ;

RernoteHaridle.I-bst <— Remotelbst ;
RemoteHandle.InputScrver <—

AllocateNetlnput&erver (Rcmotef-bst) ;
RemoteH~rndl e.Delivery&~rver <—

AllocateNetO~tputS~rver(RemoteIbst);
END;

DECL Finis~ Oontact : ContactHandle LIKE
Allocate( ContactHandle) ;

FinishContact.R~noteFbst <— Re~noteHandle ;
Finishcontact. Renote~~cket (—

Renote~~cket + 2 /~ ‘NewI-bst uses Renote~~cket as input socket’;
FinishContact .I~~calSocket <—

L~cal~~~ ket — 2 I~ ‘Newfbst uses L~cal~~cket+2 as input socket’ ;
• • FinishContact.ProtocolCot~mand <— “Finish ICR”;

Deliver(FinishContact, Re~noteHandle);
Release(Finis~iContact);Release(RemoteHandle) ;

END;
END ;

Authenticate <—

Authenticate verifies that the entity initiating an ICR is indeed an
MSG. It checks that the r~ note socket used in the ICR is a valid
MEG socket by contacting the remote MEG through its authentication
socket and receiving the range or list of that MSGs sockets.’;
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Module RB1OTE

SeizeFbstHandle <—

I eize~b~tUandle is called from the user call server . It not• I only seizes the handle of the host code passed to it , but
I also initiates contact with that host if it is un no~~.If the host is new the routine creates host and servers and

• I notifies the net~~rk output server that a connection shoul d
be opened.

I ,,
• EXPR(Remotefbst:Ho stCode; HostHandle)

BEGIN
DECL RernoteHendle :HostHandle LIKE SeizeHost(Renote l-bst) ;
NOT Nu ll(RemoteHàndle) :> Remoteflandle;
RernoteHa nd le <—

Allocate(FbstHa ridle) I’ ‘implicit seize’;
RetnoteHandle.Host <— RenoteHost ;
RemoteHandle.Input Server <—

AllocateNet lnputServer(ReaioteHost) ;
RemoteHandle.DeliveryServer <—

AllocateNetaitputserver(RenioteHost);
DECL StartContact :ContactHandle LIKE
Allocate(ContactHandle);

StartContact. Renote}bst <— RemoteHandle;
StartContact .ProtocolCo~nmand <— “Start ICR” ;
Deliver(StartContact, RenioteHandle);
Release(Startcontact) ;
RenoteHandle;

END;

LA . ~~~~~• • • •~~~~~~~~~•
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Module R~4OTE

SeizeFbst <—

Seizelbst finds (in HostS) and seizes the host handle of the
host code passed to it. If no handle is found , a null handle
is returned .

I,
EXPR ( FIC : FbstCode; Ibstilandle)

FOR EACH HH IN HostS
DO HH.l-bst = HC :> Sei ze(HH) ; Nulll-bstHandle END ;

NewEbst <—

Newfbst establishes a permanent connection 4th a remote MEG.
It is called from Protocol~~ tput . If the desire for the
connect ion began locally an ICR request is made on the remote
MEG. The input and output connections are opened and
inserted in the pr oper channel sets , syncnronization

• I information is exchanged, transact ions addressed to a pr ior
• I incarnation of the remote MEG are cancelled , and the input

server is signalled that a new connection exists. If the
connections cannot be opened , HostDead action is perform ed .

H EXPR(Contact:Conta ctHandle, B:N e t .Buffer)
B~~IN
Contact. ProtocolCa~nand “Start IC?” — >

RequestiCP(Gonta ct) ;
Null (Re-noteSocket ) :> I-bstDied(Contact) ;
DECL InputQiannel:ChannelHendle LIKE
CHOPEN (Makeld( Contact. RemoteUost. 1-bst ,

Contact. Re~noteSocket + 1 ,
Contact .L~calSocAcet + 2) , “In ” , “Binar y” ,

8) ;
Null(InputCha.inel) => FbstDied(Contact);
DECL ~~tputC’iannel:ChannelHan.ile LIKECHO PEN (Mak eld( Contact. RemoteHost.t-b st ,

Contact. We-noteSocket
Gontact .L~calSockct + 3) , “~~t”,“Binary ” , 8);

Null(~~itputChann ?i) =>
0 CHCLOSE (InputCoannel); HostDied(Contact) C);

DECL R noteHost :Fbs ;Handle LI KE
Seize( Con~ ii~t . F~ notcHost) ;

Insert( R~~ot~~bSt . ConnectionS , D~tputChannel);
DECL InputServer:ServerHindle LIKE
Seize( Rcr~oteI-bst. InputServer);

Insert( :nputs~r~er .C~annelS, InputOunnel);
Release(Input3erver);
Relca se(R cn ot eHo st ) ;
Syn chronize( Co~~:~i~~t , B);
DECL Q:Q u~(Trans3cti .nit~n i l e )  LIKE

Remotelbst. Del iveryScrver. Dcl iveryQ ;
Seize C ~) ;
FOREACH T IN Q

DO

L~L ~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~
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Module R~ 4OTE

DECL D: ProcessName LIKE RemoteDcst(T) ;
D. Fbst Remotel-bst.Fbst AND
D.Incz4rnation /, RemoteHost.Incarnation —>

RE PEAT
DECL Success:BOOL LIKE

BEGIN
TestSei ze(T) => HostDeadTransaction (T);
FALSE ;

END ;
Success :> NOTHING ;
Release(Q);
Pause(Sei zewait) ;
Seize(Q);

END;
END;

Release(Q);
SIGNAL(Inputserver .WakeupSignal);

END;

RequestlCR <—

RequestlCP, called fran NewHost, establishes the local and
• I remote sockets to be used in a network connection with a

remote host in response to the desire of a user to contact
a process on that host. The r emote socket is obtained fran
the ICR handler of the host. If the host is do~ i the remote
socket is left null.

RI
EXPR(Startc ontact :contactHandle)

BEGIN
StartContact.LocalSocket <— AssignMSGSocket0;
DECL ICPChannel :CriannelHandle LIKE

CHOPEN (Makeld( Start - Contact. Re!noteHost .Host, ICPSocket ,
StartContact.LocalSocket) , “In ” ,

“Binary ” , 32);
Null(ICPChannel) ~> NOThING;
‘Aut henticationH~ndler is consulted now by remote MEG’;
Abnormal(RECEIVE (Startcontact. RenoteSocket, ICP~~annel)) =>

NOTHI N G ;
CHCLOSE (ICPChannel);

END;

HostDied <—

• I Host Di ed cleans up when a remote hOSt proves u~reechable . The
local socket assi~ ned to the aborted connection is freed ari d ,
if there are no other paths to the host , tr 3nsaz ~tions
~~dressed to it are cancelled.

EXPR(C: ContjctHendle)
BEGI N

Deassign tOGSoc<et (C.  LocalSocket) ;
NOT Njjj(C.Re noteHost.Qnannels) => NOTHING ;
DECL Q:Queue (TransactionHandle) LIKE

C. Remotelbst .De l iveryServer . Del iveryQ ;
Seize(~~) ;

IIIllI J •• !9!~~~L~~ ~~~~~••~~~~~~~~~~~~~~~~~~~~~ •~~~~~ • • ~~•~~~~~~~~~~~~~~~~~~~~ •
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Module R~ 1OT E

DO
RemoteDest(T) .Fbst C. RemoteFbst .Host — >

REPEAT
DECL Success:BOOL LIKE

BEGI N
TestSei ze(T) ~> Fb stDeadThansaction(T) ;
FALSE ;

END;
Success :> N OTHING ;
Release(~ ) ;
Pause(SeizeWait ) ;
Sei ze(Q) ;

• END;
END ;

Release(Q);
END;

RemoteDest <—

RemoteDest returns the process name of the process to which
the given transaction is addressed . The neme contains the
host and incarnation nunber.

EXPR (T:ThansactionHandle; ProcessNane)
CASECT. Protocolco~mnand J
[“MESS -OK”],

( “ME SS—REJ ” ] ,
[“MESS—HOLD ”],
C ”XM IT”] ,
( “ALARM-OK ”] ,
(“A LA R M— REJ” ] => T.So urceProcess ;

TR UE => T.DestProcess;
END;

Synchroni ze (—

Synchronize exchanges SYNCH information with the remote MSG , using the
channels opened by Newi-lost . The incarnation nunber of the remote .~ost
is obtained and stored in its host handle. ’;

AutnenticationHandler <—

AuthenticationHaniler sends out ~SG socket ver ificat ion
information in response to ra4uests for it. Such re~uests
are stimulated by RequestlC?.

‘I
EXPR ()

RE PEAT
DECL Authenti~ationChanriel: chanriciHandle LIKECHORE (~~ir< ~ IJ (3 , 3, Aj theri t icit i on3ockct )  , “Out” ,

“Biia’ y’~, 32);Uull (Au t~~nt i~ j t i~ nCiiniel) :)
MSGError(’Authenticatiori CHOPEN foiled’);

Abnor:nal(SEND(MSGSocket Range , Authentication~~ann e1) ) =>
MSGError ( ‘authenticat ion SEND fa i led’) ;

L CHCLO SE(Authenticat ion Qlannel) ;
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